
~

,""
! I.. ~,
• I~~.. '~
4·::
~ ..
.ii.........•. .
~ ..

180

headaches, insomnia. and emotional lability.
Psycl1oIosic taring was normal. A 21-year-old
man experienced IlOIldiabling irritability, ill
IOIIUIia, aad heacI8cha. PsydUatric and ..,.
chologic: interYiews yielded~ re
sults. The diagnosis was posttraumatic stress

disorder.
Nerve damage has been reported in ex

posed appendages. Fleck (1983) summarized
findings of nerve damage in the hands and
foreanns of a woman who was using a mi
crowave oven that apparently malfunctioned.
According to the report, at the end of a cook
ing cycle she reached into the cavity to re
trieve a dish and was purponedly exposed to
the output of a 600-Woven for 5 seconds.
The nerve damage persisted resulting in pain
and heat sensitization of nerve fibers. Appar
ently no evaluation was made of the mi
crowave oven. Dickason and Barutt (1984)
also observed nerve damage, persistent pain,
and hypersensitivity to light touch in a woman
overexposed while cooking with a microwave
oven. In this case, the oven was evaluated and
found to be malfunctioning. Exposure lasted
60 to 90 seconds. Ciano et al. (1981) reponed
paresthesia in the hand of a cafeteria waitress
exposed to a malfunctioning microwave oven
over the span of 3 days. Tintinalli, Krause,
and Gursel (1983) also noted paresthesia in
the hand of a man who received a momentary
exposure to a malfunctioning microwave oven.
Thirty. minutes postexposure, the hand was
nonreSfKmsive, pale, and cold. Sixty minutes
after exposure, the ham! respunded normally.

Hocking, Joyner, and I'leming (1988)
evaluated an incident where a nine-man radio
lineman party was exposed to 4.139-GHz mi
crowaves while disconnecting a waveguide
from a metal gantry. Estimates of the power
density for the TWO members who experienced
the highest exposures were 4.6 mW/cml at
2 m for about 90 minutes. The estimated skin
SAR was 3.8 W/kg, while the whole-body
average SAR was 0.13 W/kg. The other men
were exposed at < 0.15 mW/cm l

• Claims of
behavioral effects, temporary sexual impair
ment, insomnia, irritability, and loosening of
scalp hair were made by the high-exposure
group. Behavioral effects were also claimed by
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members of the low-exposure group. The au
thors conclude that medical "enminatiCHIS
have found various, slight (but incoDsistent>
abnormalities in die stiff which c:oaId lICIt be
related to die lUsh OF low Iegel of exposure. h
is conduded that this exposure of up to 4.6
mW/cm1 at 4.1 GHz for nearly ninety min
utes has not resulted in harmful effects."

J.5.B.J ReprotluctiPe FJfeas
Rosenthal and Beering (1968) reponed a

case of male infertility. This was attributed to
microwave exposure because the individual
worked for four years as a maintenance man
on energized weather radar systems. He re
ported sensing the feeling of warmth, but it is
not possible to place this in the proper context
because no exposure data were provided.

Rubin and Erdman (1959) summarized
four cases of the clinical application of
2.45-GHz microwave diathermy to treat pelvic
inflammation. Two patients were treated dur
ing pregnancy. One of these spontaneously
aboned but subsequendy became pregnant and
delivered a healthy baby. The other patient
had a normal baby. The other TWO were treated
prior to pregnancy, and both delivered normal
infants.

A microwave oven repairman had plastic
induration of the penis, which the investiga
tors note had not been associated with MW
exposure. However, they could not "discount
a true c\sual relatiollship to microwaves." No
degenerative teslicular d\anges were "hserved.
Abdominal exposure (2.45 GUd was reponed
to be 18 mWjcm1 (Rose et a!. 1969).

J.5.8.4 Sit;" Effects

Ciano et al. (1981) observed necrosis of
the skin in a young woman who operated a
plastic welding machine. Her hand had been
caught in an energized sealer for approxi
mately 2 seconds. Damage was extensive, and
the hand nonresponsive, which resulted in am
putation.

In the case repon by Lim et a!. (1993),
mention is made of facial erythema in a main-

..
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tenane:e technician. However, no exposure data
are given that would posi.mly link this to
microwave aposun:. As mentioned earlier, the
ectuaI power dellsity emitted from the dish
antama is not bown. akhough estimates from
normal operation would be low. Computer
modeling of a worst-case leak during normal
operation (30 mW/cm1 ) would produce a
small temperature rise <O.48"C) that "could
not realistically cause the reponed injury"
(Hocking, Joyner, Fleming, and Anderson
1994). At a lower frequency, 2.45 GHz, Rose
and colleagues (1969) have reponed a "ther
mally-induced erythema lib igne" in mi
crowave-oven repairmen with facial exposure
around 20 mW/cm2, although the duration of
exposure is not clear (lib igne means the ery
thema is localiud and due to head. Gellin
(1971) terms this facial radiodermatitis, which
includes erythema and "a sense of heat."

There was no repon of a sensation of heat
or pain in the account by Lim et al (1993),
although other reports of erythema in the
literature commonly include such descrip
tions. In the repon by Fleck (1983) of expo
sure to the hands and arms due to a malfunc
tioning (600 W) consumer microwave oven,
the subject perceived the exposure as follows:
"She felt a hot pulsating sensation and burn
ing in all fingers and finger nails, as well as a
sensation of 'needles' from forearms to fin
gers." Subsequently she experienced ery
thema, edema, and "jabbing pain." In another
case where a microwave ovcn malfunctioned,
the 'u"icC! "exllCrienced a suddcn hllrnil\~

pain of Ihe radial side of her hand" and later
developed redness and swcllin~ (Dickason and
Barun 1984).

Brodkin and Bleiherg (1973) reponed two
cases of cutaneous damage associated with l1\i

erowave oven use. rhc: women, who worked
at a snack bar, exhibited deformity and ridging
of the fingemails. Both women operated the
same oven and the onset of the damage oc
curred at the same time. It is not clear how
long the women were exposed, but there ap
pear to have been multiple instances of expo
sure over a number of months. During the
purponed exposure. there was no sensation of
heat or pain or repon of erythema or edema,

lSf

which would be expected. It was aUeged that
the oven was malfunctioning, but an evalua
tion could not be perfonned, because it had
been returned to the manufaeturec. FoHowing
dUs, the "lesions began to improve when the
unit was removed."

Hocking, Joyner, and Fleming (1988) re
pan loosening of scalp hair in a group of
radiolinemen, but this was not linked to RF
exposure.

A number of occurrences of painful skin
damage associated with spark discharge have
been investigated by federal OSHA inspectors
(Hagaman 1989a; Shepich 1990; Heins 1990).
Tissue damage occurs when RF energy is
rapidly released just prior to skin contact with
a conductive ohject in whil"h tbe incillent RF
field has induced currents. One occ:urrenee
was when construction workers were building
a highway in Hawaii beneath a coast-guard
navigation antenna. "Radio frequency signals
transmitted from the antenna may induce a
perceptible electrical charge in large rubber
tire vehicles, construction equipment and un
grounded metallic structures" (Hagaman
1989a). An energy threshold of more than
15 ILJ was believed to be necessary to produce
the effect (Hagaman 1989b). Similar problems
were also reponed for longshoremen who
contacted RF-energized parts of cranes and
cables. In these reports the RF sources were
AM radio station transmitting towers (Shepich
1990: Heins 1990; Heins and Curtis 1990).

J. 5.N. 5 lJetlth

A case "f death related to microwave ex
posure nc;lr a rad.. r tr;\IIsmirtcr was reported
by McLaughlin (1957). The individual re
ported extreme tenderness and pain in the
abdominal cavity. Upon admission to the hos
pital, the patient received an appendectomy
but died ten days after the operation. Merckel
(1972) and Ely (1971, 1985) have disputed
McLaughlin's claim that this death was associ
ated with overexlKlSure to MW mdiatioll.
Merckel (1972) attributes it to appendicitis.
Ely (1985) notes that at the operational fre
quency (10 GHd, there would have been con-
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siderable skin damage due to the shallow pen
etration depth, and this was not observed by
McLaughlin.

J.5.8.6 CtnIcer

Archimbaud and colleagues (1989) in
Lyon, France, reported a single case of acute
myelogenous leukemia in a 46-year-old man
who had rellaired 3-kW microwave oven gen
erators for a number of years. Thirty to
thirty-six generators were repaired weekly, and
part of the process required that power be
supplied to each generator was for about 1
minute. The patient estimated that he was
exposed about 5 min/d to microwaves from
an unprotected generator. No other exposure
information (location, distance, power density,
etc.) was provided. 10 conclusion, Archimbaud
et al. state, ..Intense exposure to microwave
radiations should therefore be considered as a
potential aetiology of secondary leukaemia."

This conclusion has been criticized by
Jauchem (1990) for lack of exposure infor
mation and how the literature cited by
Archimbaud et al. (1989) in support of their
conclusion was interpreted. In a response,
Archimhaud (1990) explained that during ex
posure, the patient "was standing on the side
of the generator while testing it by heating a
glass of water" and that "he did not recall any
abnormal heat sensation," which would be
expected with high-level eXI,,,sure at this fre
quent),. In a critique, Ilockin~ and C;arson
(1990) note that deep burns and cataracts
would also be expected with intense exposure.

A concern has heen raised dealing with
the potential for cancer associated with expo
sure of law enforcement personnel to the mi
crowave emissions from traffic radar units. A
number of reports have been published in
trade journals, and these have included anec
dotal accounts of a small number ClISeS of
cancer, primarily ocular, skin, and testicular
(Poynter 19903, 199Gb; Gibbons 1991; Clark
1991; Zaret 1991). This has been the basis for
one lawsuit (Bendure v. Kustom Signals, lnd,
where the jury found for the radar gun manu
facturer because "the officer's cancer was a
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slow-developing iUness that could not possibly
have manifested itself only a few years after
eJPOSUI'C, as alleged by the plaintiff" (8NA
1993). As noted in Section 3.5.6.1, Da"ja and
Mostofi (1993) have reported an acess of
observed versus expected testicular cancers in
a cohOrt of policemen.

That these cancers could be caused by
police radar units seems rather unlikely for a
number of reasons. First, police radar units
are low-power systems, having operational
powers similar to a child's walkie-talkie (IEEE
1992b). Second, the exposure levels, as ad
dressed in detail in Chapter 5, are very low.
For example, according to Fisher (1993), the
operator will be exposed at levels less than 1%
of the power density at the aperture « 50
".W/cm l

) unless: (I) there is a considerable
reflection of the microwave energy, which
should only occur when the reflector is c105e1'
than 365 an (I2 ft), (2) an energiud unit is
placed in one's lap, or 0) the operator inad
vertently exposes himself. Third, the maxi
mum anticipated exposures do not represent
overexposures when compared with values
recommended in state-of-the-art exposure
documents. For example, if one should receive
an exposure such as that described in (2)
and 0), the maximum power density Fisher
(I99H determined (6.4 mW/an l

) is less than
the alIowable human exposure criteria (10
m"V/cm l

) for the applicable averaging time
(lEEF. 1992a). Furthennore, as Fisher (1993)
has pointed OUI, use of these de\"il'es at such
close distances to the b<>dv will modif.,. the
impedance, which will redu;:e the radial~d en
ergy because of an impedance mismatch be
tween the radiator and the local environment.
Fourth, the penetration depth at these fre
quencies (to to 35 GHz) is minimal, reSlllting
in energy that is absorbed largely topically.
Fifth, since microwaves have not been shown
to be mutagenic, they should not be viewed as
tumor initiators. Some animal studies have
pointed to the possibility that MWs may be
tumor promoters, but this needs more Study.
Sixth, epidemiologic studies of radar and mi
crowave workers have not identified any statis
tically significant differences with cancers in
general or the specific cancers mentioned ear-
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Iier. The radar and microwave workers in
cluded in these studies had the opportunity to
be esposed at higher values of power density
at a Iargu rmge of frequencies than users of
traffic radar units. And last, the few animal
studies that have been canied out near these
frequencies have demonstrated thennal effects
(Hagan and Carpenter 1976; Rosenthal et at.
1976), hut at substantialIy higher power densi
ties than reported for radar guns.

A similar concern has been voiced con
cerning brain cancer and exposure to mi
crowave energy from low-power, portable cel
lular phones. This occurred after the initiation
of legal activitie.s following a single case of
brain cancer in a cellular phone user. The
spouse of the user brought the lawsuit based
upon his perception that exposure to mi
crowaves had caused his wife's cancer. This
received national attention when the issue was
discussed on the "Larry King Live" talk show
on Cable News Network (Fischetti 1993).

Portable cellular phones generate about
600 mW at frequencies between 800 and
900 MHz. Although locally high values of
power density may exist near the antenna,
most studies have indicated that the penetra
tion depth is low, and local SARs usually do
not exceed the exposure limits (FCC 1993).
However, recent studies have demonstrated
differences in dosimetry, and these differences
appear to depend somewhat on methodology,
i.e., the use of mathematical models versus the
use of tissue-equivalent phantoms, and dis
tance from the antenna. The exact reasons for
these reported differences need to be deter
mined.

\Vith the present state of understanding,
it does not seem likely that brain cancer would
be caused by exposure to these devices (FDA
1993). However, there are some significant
gaps in the scientific data base, but these
should be filled when well-designed animal
studies and epidemiology studies are com
pleted. At the operational frequencies, it has
been demonstrated that microwave radiation
produces thermal effects. Although the spe
cific frequency band and modulation types
used by portable cellular phones and other
cellular devices have not been included in
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studies of microwaft-induced cancer in test
aaimaJs, studies at 2450 MHz hwe not estab
lished microwaves as tumar promoters.

J.U.7 SfIIII1IUI1Y

The incident reports indicate that overex
posure to high levels of radio-frequency radia
tion may result in nerve damage and skin
damage. It is possible that the finding of
Hirsch and Parker (1952) is a case of mi
crowave-induced cataracts, but the other re
ports are not consistent and do not establish a
reliable link with microwave exposure.

J.5.9 Cutaneous Perception
ofMicrowaves and RF Burns

Perception of microwave energy involves cuta
neollS thermal sensation or pain and demon
strates a frequency dependency at the few
frequencies studied. Power densities neo:ssary
to produce threshold warmth sensations were
lower at to GHz than at 3 GHz, for a~
head surface area of 37 an l (Hendler 1968;
Hendler, Hardy, and Murgatroyd 1963). This
is probably due to the shallower penetration
depth at the higher frequency, where more of
the energy is absorbed in a smaller volume
near the surface of the skin. Michaelson (1972)
estimates that at 10 GH7., a thermal sensation
is evoked when the entire faLial skin is ex
posed at slightly more than 4 to 6 mW/eml

for 5 seconds or approximately 10 mW/cm!
for 0.5 seconds (Michaelson 1972).

Justesen and colleagues (1982) exposed
the f(>rearm of male amI fem,.le volunteers to
2,45-Gllz microwa\'Cs. The SAR, estimated
by measurement of the temperature in the
middle of a saline-fil/ed latex balloon, was
0.076 Wjkg/mWjcm1• Average thresholds
of perception for women and men were 25.27
mWjcm l and 28.88 mW/em l

, respectively.
The values for the six participants ranged
from 15.40 to 44.25 mW/an l . The re
searchers also exposed four of the volunteers
to infrared radiation, finding that they could
not tell the difference between a thermal stim-
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ulus provided by the miaowava and lR. radia
000. A ClOlIIpUisoIl between the two spectnI
reP- sboftd that the pen:cpDoD tbrahoIds
ditrered by Ibout a &ctor of S. with 10.16J of
microwave energy and 1.8 J of IR. radialion
necessary for perception. Hence, mon MW
energy is necessary to perceive warmth than
infrared energy.

Cook (1952) demonstrated that the
threshold ebta for rin at 3 GHz varies from
0.83 to 3.1 W/cm • dependent upon the ex
posure dllt800n, for an exposed area of
9.5 cm2 (Cook 1952). However, according to
Michaelson (1972), the perception of pain is
"independent of the area of exposure, radia
tion intensity, exposure time, and anatomical
site" and is related to a critical skin tempera
ture.

Gandhi and Chatterjee (1982) determined
the magnitude of the electric field that would
produce short-circuit currents in common 0b
jects. Generally, the necessary E-field strength
varied as a function of frequency and the
object being irradiated. For example, percep
tion (let-go in parentheses) currents were pr~
duced if a roof, fence, car, and truclc were
irradiated at, respectively, 250 (1040). 160
(850), 80 (440), and 20 Vim (110 Vim).
between 10 to 100kHz. The E-field strength
then decreased with increasing frequency up
to 10 MHz. Further work by Chatterjee, Wu,
and Gandhi (1986) examined perception and
let-go currents for finger and grasping con
tact, as discussed in Chapter 2. Average
threshold perception currenl:.~ for men were
around 40 rnA ( - 50 rnA for pain) for finger
contact from 0.1 lO 3 MHz. Perception
thresholds for women were lower than those
for men. For example, with grasping contact,
women were around 95 rnA from 0.1 lO

3 MHz, while men were around 120 rnA.
Ten-year-old children were estimated at about
60 percent of the values for male adults.

In a study of shipboard RF, Rogers (1981)
found an average RF bum hazard threshold
current around 200 rnA between 2 and
20 MHz. According to Osepchulc: (992) "For
body impedance 500 n, the bum threshold
corresponds to 20 warts dissipated in a few
seconds in a volume of 1 cc."

RIIIli,..FrelJ"mcy .,.11 ELF Electro",.""etic Energies

Comparison with "conventional" burns,
Budd (1985, 1992) notes that RF bums may
imohe deeper body tissues because of the
,...pmetntioo depth. CliniciaDs have Db
ICI'ved chat 1IIIdamapIlayas of fat may be
sanchricbed between damaged layers of skin
and muscle. Hot spots may be formed, pre>
ducing areas of high local absorption leading
to local tissue necrosis. It is possible that there
may be a latency period between exposure and
development of effeCts. Although the picture
is not clear, Budd notes that there may be
some clinical difkrences between RF bums
and conventional burns.

. 3.6 OTHER
POTENTIAL HAZARDS

3.6.1 Metallic Implants
orObjeets

A few studies have evaluated the interaction of
radio-frequency and microwave energies with
metal implants or metal objects wom by~
pIe. A list of some of these objeCts is in
Table 3-16. Metallic objeCts may perturb the
field, concentrating the RF energy in the
vicinity of the conductive object. This may
lead to localized heating, such as that observed
by Feucht, Richardson, and Hines (1949).
These researchers found that wire implants
and metal plates increased measurable temper
atures in in vitro and in vivo experiments with

Table 3-16. Devi«s That May Enhance
or Be Affected by RF Fields

Cardiac valves
Pacemakers
Meulsuples
Insulin infusion systems
Orthopedic wires, plates, and rods
Tran~ermal delivery system
Cochlear implants
Meul-framed specudes
Jewelry, watches

Biologic Effim ofR4tlW-FrrlJW1'CJ Fields

2.45-GHz microwava. Larger temperature
increases were observed when metals were
closer to the sur&c:e and with larger metal
plates. Murray (l984a) reported an incident
where a man wearing a transdermal nitro patch
received a second degree bum the size and
configuration of the patch. Apparendy this
occurred when energy from a recendy ser
viced microwave oven heated the patch's alu
minized plastic adhesive strip. A carpenter with
a steel plate in an index finger used
"a diathermy machine which was used to
dry glue on lumber." This resulted in pain
and swelling when the finger was exposed
(Merclc:el 1972).

Hocking, Joyner, and Fleming (1991) ex
amined the interaction of RF fields with metal
implants, including both heating and interfer
ence. Interference has been observed in car
diac pacemakers and cochlear implants. A
number of reports and reviews are availahle,
although with the evolution in design of pace
maleers and RF sources, the reports are pri
marily of historical interest (Elmqvist 1976;
Reis 1979). Sources of interference that have
been identified include microwave ovens
(Bonney, Rustan, and Ford 1973; King et a!.
1970; Rustan, Hurt, and Mitchell 1973), mi
crowaves in general (Osepchuk 1971), radar
(Bonney, Rustan, and Ford 1973; Rohl et al.
1975>, and diathermy units (Marshall, Scott
and Peaston 1990>' Obviously, interference is
of great concern in the health care environ
ment where there are numerous llevices that
produce RF and ELF fields, and there is a
relatively high density of individuals at risk.

In the RF part of the spectrum, pace
maker interference is usually t'Ontrolled hy
signal filtering and shielding the device. How
ever, interference is still possible. \\'ith the
complexity of today's pacemakers and RF
sources, a thorough evaluation usually re
quires a case-by-case approach. Factors that
must be considered include the operational
frequency of the RF device, whether or not
the fields are pulsed, and the design of the
pacemaker (Grant 1993a). This approach is
amenable to the industrial environment where
there are usually few individuals at potential
risk, but it may not be a viable approach in a

IS'S

hcspital. To illustrate the importance of
proper selection of the pacemaker and elec
trode, Grant (l993b) has discussed two sce
narios where pacemaker wearers experienced
relatively high exposures to low-frequency
mapetic fields and RF fields. with no inter
ference.

Hepfner and Skelly (1985) reported that
patients widl cochlear implants "have experi
enced some false auditory and temperature
sensations when in the presence of electr~

magnetic fields." RF devices and processes
include two-way radios, police radar, com
puter terminals, and lightning. The authors
also observed that interference may occur from
other electrical devices that generate sub-RF
frequencies, such as light dinuners, refrigera
tor motors, and "electrical noise generated in
a therapist's mouth by metal electrolysis in
her recent dental work."

3.6.2 Metal-Rimmed
Spectacles

Davias and Griffin (1989) found that metal
framed spectacles perturb microwavc fields
between 2 and 12 GHz. They determined this
by locating a field probe (monopole antenna
on a ground plane) near a human phantom
composed of lossy materials that simulate tis
sues. The reception pattern of the probe was
compared when the phantom was fitted with
eyewear and when the phantom wore no eye
wear. They demonstrated a differencc in the
radiation patterns at the field prohe, where
there was an increase in signal intensity when
the spectacles were mountcd on the phantom.
Their analysis indicated that the resonant fre
quency of the eyewear was 900 MHz and that
each of the spectacle components (wing, hook,
and rim) is resonant between 1.4 and
3.75 GHz.

3.6.3 Explosion Hazards

The interaction of RF with eJectrn-explosive
devices (EED) and flammable materials may



.,
."
'"

186

result in the ignition of materials 01' expl0
sions. Materials such as solvents, fuels, and
flammable pes may be ignited if the RF
intensity is sufficientlyhip. there is a receiwr
of the RF energy (some condu<:tive SU'UCtUl'e),
and there is the potential ror spark discharge
of sufficient energy into a flammable aano
sphere. In structures such as piping, SIlIcks,
and cranes, a spark discharge may occur if
there is "a discontinuity in the structure which
provides an intermittent electrical contact"
(Maddocks 1992). For EED activation, the RF
field must be sufficiently intense, and the EED
must be in a position to absorb energy from
the RF field (Sastradipradja and Joyner 1990).
Obviously, secondary to the event, RF
induced explosions or ignitions may produce
physical trauma and property damage.

Osepchuk (1992) has pointed out that a
hazard unique to microwave heating is super
heating of small objects. This may occur when
a material is heated above the boiling point,
with a rapid expansion of the superheated
material resulting in a small explosion.

3.7 CONCLUSIONS

This review of the biologic-effects literature
indicates there is a good deal of information
supporting the existence of thermal effects of
radio-frequency and microwave radiation, in
cluding cataract formation, changes in animal
behavior, and effects on reproducrion and de
velopment. However, even well-established
thermal effects may appear to be equivocal
when experiments are performed near the
threshold of effects. Although the data base
has grown substantially over the past decades,
much of the information concerning nonther
mal effects is generally inconclusive, incom
plete, and sometimes contradictory. Studies of
human populations have not demonstrated any
reliably affected end point.

Some general limitations of research on
the biologic effects of RF fields are listed in
Table 3-17. Additionally, the Advisory C0m
mittee on Nonthermal Effects of Nonionizing

,
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T'" J-17. Limillltioas in Biologic
E&ec:ts Studia

Diffcrencet in experimeDllIIlIIdbodt

• Lac:lt ofreplication of results

Lac:It ofesablishment ofmedwtisms for
measured end points

Predominantly far-field experimems;
relatively few dalll in me near field

Animal dalll: primarily 915 & 2450 MHz

Rodents used to model mennal stress are
fur-bearing and do not sweat

Epidemiologic data: no measured dose or
esposure level

Different approachea-Eastern scientists:
field-based llc clinical evaluations; Western
scientists: primarily anintal stUdies

Radiation of the National Research Council
has offered constructive criticism of resean:b
in this field (National Research Council 1986).

3.8 REFERENCES

Adey, W.R. 1980. Frequency and power win
dowing in tissue interactions with weak elec
tromagnetic fields. Proc. IEEE 68: 119-125.

Adey, W.R. 1988. Electromagnetic fields, cell
membrane amplification and canccr promo
tion. In N01Ii01lizi"g FJeetromllgnrtic RAJiAti01/S
and Ultrasound (NCRP Proceedings No.8),
pp, 88-110. Bethesda, MD: National Council
on Radiation Protection and Measurements.

Mey, W.R. and S.M. Bawin. 1982. Binding and
release of brain calcium by low-level electro
magnetic fields: a review. RAdio Sci. 17(55):
1495-1575.

Mey, W., S. Bawin, and A. Lawrence. 1982.
Effects of weak amplitude-modulated mi
crowave fields on c:alcium efflux from awake
cat cerebral cortex. BiOfltetrot1Ulgnetics 3:
295-307. .

Ahlbom, A. et at 1990. Interpretation of "nega
tive" studies in occupational epidemiology.
Scand. J. Work Environ. Health 16: 153-157.

Bi%gicJI/ Effects ofRiuJio-Fnpmcy Fi~1tIs

AIJJb<q, G. et aI. 1989. Prepancy outaJme

among working women. SanuJ. J. WIWlt &vi
I 11m. Helllth 15: 227-233.

Akyel. Y. et al. 1991. Immediate post-uposure
effects of high-peale-power microwave pulses
on operant behavior of wistar rats. Bioekaro
_petitS 12: 183-195.

Albert, E. 1977. Light and electron microscopic
obsel'\llltions on the blood-brain harrier after
microwave irradiation. In Symposium on Bio
IDgical Effects tmd M~asurmtmt of Radio Fre
quefUJ/ MimJwlZIX!s (HEW Publication [FDA]
77-8026), D. Hazzard, ed., pp. 294-304.
Rockville, MD: Bureau of Radiological
Health.

Albert, E.N. and M. DeSantis. 1976. Histologi
cal observations on central nervous system. In
Biological Efficts of FJtctromagnetic Wav~s
(HEW Publication [FDA] 77-8010), c.e.
Johnson and M.L. Shore, eds., pp. 299-310.
Rockville, MD: Bureau of Radiological
Health.

Albert, E.N. and jM. Kerns. 19R1. Reversible
microwave effects on the Mood-hrain harrier.
Brain Res. 230: IH-I64.

Albrecht, R.M. and E. Landau. 1978. Microwave
radiation: an epidemiological assessment. R,v.
Environ. llUlith HI: 43-57.

AMA. 1987. Health effects of vi.lco display tcr
minals. JAMA 257: 15011-1512.

Anderson, L.E. 1990. ELF: Exposure levels, bio
effects and epidemiology. Presented at 1990
Health Physics Society Summer School: As
sessing Non-Innizing Radiation Jlazards, June
17-22, 1990, at California State Universitv,
Fullerton. CA. .

ANSI. 19112. Sa{tty Lmel, u,/th Respert to lIuman
F.rpn51lre to RAdio Freqllrrtry f/fctromlt,f!ltwc
rield,. j()() kllz to J/)() (;}/: (;\:,\:Sl (;'15.1
I'll'll). New York: A:'\:SI.

Appleton, B. 197.1. Resu/ts ofe/llll<a/ .';/1,.110'.1' fo,'
Microu'alJe Om/It'· l-.,'(tet.< (D1IFW Puh. No.
[FDA) 73-110.11l. Ji;,chiJlc, MI): Ilureau of
Radiological Ilealth.

Appleton, B. 1974a. Expcrimelllallllicrowave CK

ular effects. In Bi%glc Effects 1t1ld Health lIaz
ards of Microwave RAdiatiolt, pp. 186-IRR.
Warsaw, Poland: Polish Medical Publishe~.

Appleton, B. 1974b. Lencrs of ~x)mment-pro

and con. N.Y. Stltle J. .'.Jed. 74: 2037-20.l11.
Appleton, B. et al. 1975. Microwave lens effects

in humans. II. results of five-year survey. Arch.
Ophtha/mol. 93: 257-258.

187

Appleton, B., S.E. Hirsch, and P.V.K. Brown.
1975. Investigation of single-aposure mi
crowave ocular effects at 3000 MHz. An•.
N.Y. Acllti. sa. 247: 125-134.

Appleton, B. and G.c. McCrossan. 1972. Mi
crowave lens effects in humans. Arch. Opb
tha/mol. 88: 259-262.

Archimhaud, E. et at 1989. Acute myelogenous
leukaemia following exposure to microwaves.
Br. J. !farmatol. 73: 272-273.

Archimhaud, E. et al. 1990. Correspondence.
Br. J. Ilarmlttol. 76: 313.

Ashani, Y., F. Henry, and G. Catravas. 1980.
Comhined effects of anticholinesterase drugs
and low-level microwave radiation. RoJigt.
Res. 84: 496-503.

Aurell, E. and B. Tengroth. 1973. Lenticular
and retinal changcs secondary to microwave
exposure. Actlt. Ophthalmol. 51: 764-769.

Balcer-Kuhiczek, E.K. and G.H. Harrison. 1985.
Evidence for microwave carcinogenesis
in vitro. Carcinogtneris 6: 859-864.

Balcer-Kuhicezk, E.K. and G.II. Harrison. 19l19.
Induction of neoplastic transfonnation in
C3H/TIO} cells by 2.45-GHz mil-Towaves
and phorbol ester. !lJuJiat. &r. 117: 531-537.

Balcer-Kubic7.ek, E.K. and G.II. Harrison. 1991.
Neoplastic transf(lnnatioll of C3I1jIOT}
cells following exposure to 120-Hz modulated
2.45-GHz microwaves and phorbol ester tu
mor promotor. RAdiJIt. Res. 126: 65-72.

Baldwin, M., SA Bach, and S.A. Lewis, 1960:
Effects of radio-frequency energy on primate
cerebral activity. NtlIr%gy 10: 1711-187.

Baranski, S. 1971. Effect of chronic microwave
irradiation on the hlood fonning system of
guinca pigs and rahhir-. At:1'o-'I'It"r Alrd. 42:
11'16-11'1'1.

Baranski. S. I97:!. Ili"ologi"al and hiswchemi
c.l cffet'r of micro,,";l"" irradiation on the
central nt'n'o\l~ sy'tc:n1 of rahhits anti guinea
pigs. . 11/1.]. 1'101'." .\1..". q: 1112 -191.

Baranski, S. and P. C1Ccski. l'n6. Riological F/
jen.' o/,Hi...·oulf/"fl. Strolld,hurg, PA: Dowden,
Ilutchinsoll & H,,,s, Illc.

Baranski, S. and Z. Edclwe;n. 19611. Studies on
the comhincd effect of microwaves and some
drugs on hioelectric activity of the rabbit cen
tral ncrvous ,~·st"l1I.. /. til I'hy""%f!,im /'oIOl,,-ia
19: .lJ-oll.

Baranski. S. and Z. Edelwejn. 1975. Experimen
tal l1Iorphologic alld electroencephalographic



~

..
~..,

~ I
i ,e
"'''''''
~,~:

j;::.... 1

,
....... ,
~,.."'.. ".,.......
..... 1...... ,

j

188

studies of microwave effects on the net'WUS
S)'MIlID. A... N.Y. AaItJ. sa. 247: 109-116.

BenaIId. S•• s. Szmigieh!ri, and}. Moneta. 1974.
£ftiects of mic:rowave irradiad.on in vitro OIl

cdl membnae~.In ,...Fjfeaf
..lWlt1I"""'" tfMilwww .I.....pp.
173-177. Warsaw, Poland: Polish Medical
PubliJlaers.

Bames, F.s. and c.-L. Hu. 1977. Model for
some nonthennal effects of radio and mi
crowave fieJds on biological membraDe50 1BEE
Tnm. MitnnvlWe Theory Tech. MIT-2S:
742-746.

Barron, C.I. and A.A. Baraff. 1958. Medical con
sideradons of exposure to microwaves (radar).
]AMA 168: 1194-1199.

Barron, C.l., A.A. Love, and A.A. Baraff. 1955.
Physical evaluation of personnel ezposed to
microwave emanations. Au;"t. Mul. 26:
442-452.

Bassen, H. et al. 1987. Dosimetry for high
peale-power microwave ocular effects re
search. In Prouetlings ofthe Ninth A1muIJ COIJ
ftr'mu ofthe IEEE BllgineniMg in MttlKint /MIl
Biology Socidy (87CH25 13-0), pp. 0693-0694.
New York: Institute of Electrical and Elec
tronic Engineers.

Baum, SJ. et al. 1976. Biological measuremenlS
in rodenlS~ continuously throughout
their adult life to pulsed electromagnetic radi
ation. Hulth Pbys. 30: 161-166.

Baumann, S. et al. 1989. Lad, of effeClS from
2000-Hz magnetic fields on mammary adeno
carcinoma and reproductive hormones in rats.
Bioeltetrt»Nlgnetics 10: 329-333.

Bawin, S. and R Adey. 1977. Calcium binding in
cerebral tissue. In Symponum on Biological Ef
ftets tmd MellSUf"mrt1lt of RmJio FrtqutftCJ / Mi
croWIlUes (HEW Publication (FDA! 71-8026).
D. Hazzard, ed.• pp. 305-313. Rockville. MD:
Bureau of Radiological Health.

Bawin, S.M.• R.J. Gavalas-Medici, and W.R.
Adey. 1973. EffeClS of modulated very high
frequency fields on specific brain rhythms in
ClIS. Brllin Res. 58: 365-384.

Bawin, SM., L.K. Kaczmarek, .nd W.R. Mey.
1975. Effects of modulated VHF fields on the
central nervous system. Ann. N.Y. Acad. Sci.
247: 74-81.

Beers, GJ. 1989. Biological effeCIS of weak elec
tromagnetic fields from 0 Hz to 200 MHz: a
survey of the literature with special emphasis
on possible magnetic resonance effeClS. MIIg.
Res. 1mIIg. 7: 309-331.

J1JIIli.-Frtqunacy lind ELF ElutrtmJllpttie Entrgits

"BerJq9ist. U. 1984. Video display terminala and
health. Sam. J. Work Etwirmr. Hulth

; 10(supp1.2).
Beqqvist, U. ud }.E. Wahlberg. 1994. Skin

UId diIease duriDI--with~
~terminals. COfIIIICt DnwttItitir 30:
197-204.

Bennan, E., H. Carter, and D. House. 1980.
TesIS ofmutagenesis and reproduction in male
ralS nposed to 2.450-MHz (CW) mi
crowaves. B~petia 1: 65-76.

Berman, E., H. Carter, and D. House. 1981.
Observations of rat fetuses after irradiation
with 245O-MHz (CW) microwaves. J. Mi
ertllllllUe PtTlJler 16: 9-13.

Dennan. E., H. Carter, and D. House. 1982a.
Observations of syrian hamster fetuses afrer
exposure to 245O-MHz. microwaves. J. Mi
eMJJ. Pumtr 17: 107-112.

Berman, E., H. Carter. and D. House. 1982b.
Reduced weight in mice offspring after in
utero exposure to 2450-MHz (CW) mi
crowaves. BiMltctnmtIIgnttics 3: 285-291.

Berman, E., H. Carter, and D. House. 1984.
Growth and development of mice offspring
after irradiation in utero with 2,450-MHz mi
crowaves. TerlltJJ/Qgy 30: 393-402.

Berman, E. et aI. 1992. Fetal and maternal ef
fects of continual exposure of rats to 97O-MHz
circu1arly-polarized microwaves. Eltaro-MIIg
1IIt#bio1. 11: 43-54.

Bennan, E. et al. 1985. Lethality in mice and
ralS exposed to 2450 MHz. circularly polar
ized microwaves as a function of exposure
duration and environmemal factors. J. Appl.
Toxiro/. 5: 23- 31.

Bennan. E.• J. Kinn. and II. Carter. 1978. O~
servations of mouse fetu'1e5 after irradiation
with 2.45 Gllz microwaves. IIralth I'hy<. 35:
791-801.

Birenbaum. L. et al. 1969a. Effect of microwaves
on the rabbit eye. J. Mi..,-ow. PlYWrr 4:
232-243.

Birenbaum, L. et al. 1969b. Effect of microwaves
on the eye. IEEE 1hms. Bio-Mrd. Hng. BME
16: 7-14.

Blackman, C.F. et al. 1985. A role for the mag
netic field in the radiation-induced efflux of
calcium ions from brain tissue in vitro. Bio
elt:ctrrmulgmtics 6: 327- 337.

Blaclanan, C.F. et al. 1989. Multiple power-den
sity windows and their possible origin. Bioelec
tromIIgnttics 10: II 5-128.

..
Bio/9gical FJrtets of Riulio-FTtf'UJl':! Fitlds

BL.cJcman, C.F. 1990. ELF efRcts on calcium
bomcoecIIsis. In Eztrts.J.y 1AfI1 Fnf-cy EI«
~ Fi&Js: TIH QwstitnIr(e-. B.W.
W~ R.G. Stevens, UId L.Eo Andenoa,
cds., pp. 187-208. Columbus, OH: Battelle
Press.

Blackman. C.F. et aI. 1990. Importance of align
ment between local DC magnetic field and an
oscillating magnetic field in responses of brain
tissue in vitro and in vivo. Bioekctnnnllgnetics
11: 159-167.

Blackman, C.F., S.G. Benane, and D.E. House.
1991. The influence of temperature during
electric- and magnetic-field-induced alter
ation of calcium-ion release from in vitro
brain tissue. BiMltctnnnllgnnia 12: 173-182.

Blackman, C.F. et al. 1979. Induction of cal
cium-ion efflux from brain tissue by radio
frequency radiation: effeCIS of modulation fre
quency and field strength. RmJio Sci. 14(6S):
93-98.

Blackwell, RP. and R.D. Saunders. 1986. The
effeClS of low-level radiofrequency and mi
crowave radiation on brain tissue and animal
behaviour. Int. J. RilJiJlt. BUll. 50: 761-787.

Blackwell, R. and A. Chang. 1988. Video display
terminals and pregnancy: a review. Br. J.
Obnet. Gyntcol. 95: 446-453.

BNA. 1993. Defense verdict issued in radar gun
case: jury found no link with policeman's can
cer. OawpIftiInIIJ SIIftty & Hellltb R~tT. p.
1554. Washington, DC: Bureau of National
Affairs

Bollinger. J.N., R.L. Lawson, and W.e. Dolle.
1974. RnelMb D7I Biological Effiets of VLF Band
EltctrtmJIIgnrtic RIItliIItion (Report No. SAM
TR-74-52). Brooks Air Force Base. Texas:
USAF School of Aerospace Medicine. Cited
in Critique of tbe Utn·arurr 0" B,orjJrft< of
R4J1ofrr'lu""J RAdiation: A Comprrhen.'it1r Rr
vit'U' Ptrti"mt to Air forer Oprra/lons (Report
No. USAFSAM-TR-87-.I) by L. Beynick. p.
197. Brooks Air Force Base. TX: IJSAF
School of Aerospace Medicine, 1987.

Bonasera, S., J. Toler. and V. Popovic. 1988.
Long-term study of 435 MHz radio-frequency
radiation on blood-borne end poinlS in can
nulated ralS. ]. Mitnnv. PlIWtT Eltctnnnllgn.
Energy 23: 95-104.

Bonney, C.H., P.L. Rustan and G.E. Ford. 1973.
Evaluation of effects of the microwave oven
(915 and 2450 MHz.) and radar (2810 and
3050 MHz) electromagnetic radiation on

18'9

noncompetitive cardiac pacanaIcers. IEEE
Tnms. ~. &,. BME-20: )57-364.

Bonomi. L. and R. BeOueci. 1989. Considera
dons of the ocular pIIhoIcv in 30,000 per
sonnel of the ltatim IIeIepbone ClOIIlp8D)' (SIP)
usinr VDTs. BtJlmioII Di 0nJistiu 68 (S7):
85-98.

Boos, S.R. et aI. 1985. Work with video display
terminals among office employees m. oph
thalmologic facton. ScIMIl. J. Worl Environ.
Huhh 11: 475-481.

Bouchat, J.A. 1974. Letters of comment-pro
and can. N.Y. StIItt J. Med. 74: 2038-2039.

Braithwaite, L. et al. 1991. Exposure of fertile
chicken eggs to microwave radiation (2.45
GHz., CW) during incuhation: technique and
evaluation. J. Micruw. PlYWtT Ekmamagn. En
ergy 26: 206-214.

Brandt, L. and C.V. Nielsen. 1990. Congenital
malformations among children of women
working with video display terminals. Scand.
J. Work Environ. Htilith 16: 329-333.

Bridges, J.E.• and M. Preache. 1981. Biological
influences of power frequency electric fields
-a tutorial review from a physical and exper
imental viewpoint. Proc. IEEE 69: 1092-1120.

Brodkin, R.H. and J. Bleiberg. 1973. Cutaneous
microwave injury.ActII Dtnruztol. 53: 50-52.

Brown-Woodman, P.D.C. et al. 1986. Radiofre
quency (RF) radiation as a teratogen. TtTlltol
ogy 33: 58.

Brown-Woodman. P.D.C. et al. 1989. Evalua
tion of reproductive function of female rats
exposed to radiofrequency fields (27.12 MHz)
near a shortwave diathermy device. Health
Pbys. 56: 521-525.

Brown-Woodman, P.D.C. and J.A. Hadley.
1988. Studies of the teratogenic potential of
exposure of rats to 27 .12 MHz pulsed shurt
wave radialion. J. BlOrlrm-ieity 7: 57-67.

Rryant. II. and E.]. Love. 1989. Video displa.v
tenninal use and sponlaneous abortion risk.
Int. J. Epidnmol. 18: 132 -138.

Budd. R.A. 1985. Can microwave/radio
frequency radiation (RFR) bums be distin
guished from conventional burns? J. Mierow.
PO'WtT 20: 9-11.

Budd, R.A. 1992. Bums associated with the use
of microwave ovens. J. Mitnnv. PO'WtT Electro
mllgn. Entry;y 27: 160-163.

Budd, R. and P. Czerski. 1985. Modulation of
mammalian immunity by electromagnetic ra
diation. J. MiC'TO'W. PlYWtT 20: 217- 231.



I'

e

190

Buder, D.A. 1986. Do spoIlt8JleoUll abortion
dusten among VDT operaton sipl • pr0b
lem? In PnmtliII• ..r till 1"", ..... sa
tifit~ Wlri fIIitj 1JisI/IIy UMr, pp.
657-660. Stockholm, May 12-15, 1986.

Byus, C.V. et aI. 1984. Alterations in protein
kinase activity following eaposure of cultured
human lymphocytes to modulated microwave
fields. Bioel«trorrulpttia 5: 341-351.

Byus, C.V. et al. 1988. Increased ornithine de
carboxylase activity in cultured ceUs Qposed
to low energy modulated microwave fields
and phorbol ester tumor promotors. ClI1ICtr
Res. 48: 4222-4226.

Carpenter, R.L. 1974. Letters of comment-pro
and con. N.Y. Sum}. Mel. 74: 2035-2036.

Carpenter, R.L. 1975. Ocular effects of mi
crowave radiation. BrUJ. N.Y. Acad. MttI. 55:
1048-1057.

Carpenter, R. and C. Van Ummersen. 1968.
The action of microwave radiation on the
eye. }. MimTw. PlJ1IItr 3: 3-19.

Carpenter, R.L. and E.M. Livstone. 1971. Evi
dence for nonthennal effects of microwave
radiation: abnonnal development of irradiated
insect pupae. IEEE Trll1lS. Mimrw. TbtMy
Tech. MTr-19: 173-178.

Case, RM. 1980. "Cell ealcium"-a new inter
national, interdisciplinary journal. Cen CIIl
cium I: 1-5.

Castren, J. et aI. 1982. On the microwave expo
sure. Actil Ophtha/mol. 60: 647-654.

CDRH. 1985. BthiWi01'tll Effects of Mierowtlvt
Raditltiort Abstnptiort (HHS Publication FDA
85-8238), j.c. Monahan and j.A. D'Andrea,
eds. Washington, DC: U.S. Government
Printing Office.

Chatterjee, A., R.C. Milton, and S. Thyle. 1982.
Prevalence and aetiology of cataract in Pun
jab. Br. J. Ophthtllmo/. 66: 35-41.

Chatterjee, I., D. Wu, and O.P. Gandhi. 1986.
Human body impedance and threshold cur
rents for perception and pain ror contact haz
ard analysis in the vLF-MF band. IEEE
Trll1lS. Biamed. E"g. BME-33: 486-494.

Chen, T.T. et al. 1988. Cataract and health
status: a case-control study. Opbtbtdmit. Res.
20: 1-9.

Chernoff, N. et al. 1987. The potential relation
ship of maternal toxicity, general stress, and
fetal outcome. Ttrtltogmtsis Ctlrci7lOg. MUUlgen
7: 241-253.

Chernoff, N., j.M. Rogers, and R.j. Kavlock.
1989. An overview of maternal toxicity and

RJltlio-Frefumcy tI"d ELF ElectrtnJltlpetic E"ergi"

prenatal development: c:oosideraticII for •
ve10pmental toDcity hazard assessments. T~
." 59: 111-125.

Chcrnomz, M.E. et al. 1975. TerIIIJIogy, ..
m.J, and~ IeaminJ after fctlll .......
tion of mice by 245o-MIh microwave en
ergy. }. Mimn». PnItr 10: 391-409.

Chemovetz, M.E., D.R. Justesen, and A.F. Oke.
1977. A teratological study of the rat: mi
crowave and infrared radiations compared.
ilJuJio Sci. 12(6S): 191-197.

Chiang, H. 1988. Microwave male contraception
studies in China. In Procttdingr of tht A""UtIl
I"unutmW Conftrrnee of tht IEEE Engintw
;"g in Medicint _ Bi%g;y S«itty. (IEEE

88CH2566-8), p. 1883. New York: Institute
of E1ectticaJ and Electronic Engineers.

Chiang, H. and B. Shao. 1989. Biological re
sponses to microwave radiation: reproduction,
development and immunology. In El«trrmut8"
"etic Intn'"Mtio1I with B~ SJIU'IIt, J.e.
Lin, ed., pp. 141-163. New York: Plenum
Press.

Chiang, H. et aI. 1989. Health effects of elM
ronmental electromagnetic fields. }. Biotkc
triOty 8: 127-B1.

Chizhenkova, R.A. 1988. Slow potentials and
spike unit activity of the cerebral cortex of
rabbits exposed to microwaves. Bioeltctromag
7/ttUs 9: 337-345.

Chou, c.-K. et aI. 1985. EJftcts of Limg-T".",
RtItliofrefunliJ RAJUnion on Imm""ological C"",..
Pttt1JCt lind MtttIboIism (Report No. USAF
SAM-TR-85-1OS). Brooks Air Force Base,
TX: U.S. Air Force School of Aerospace
Medicine.

Chou, c.-K. el al. 1992. Long-lenn. low-level
microwave irradiation of ralS. BlOt/taTOm,I?,
nttifs 13: 46'1-4%.

Chou, c.-K., A.W. Guv, and R. Galambos. 1982.
Auditory perceptio~ of radio-frequency elec
tromagnetic fields. J. AfOust. Sof. Am. 71:
1311-1334.

Chou, c.-K., A.W. Guy and R.B.Johnson. 1983.
Flfects of Limg-T".", Low-Level RtItliofrtqunliJ
Raditltion &posun on RAts Volume 3. SAR in
RJJts &postd;" UfO-MHz CimJInoly PoImztd
WtWtpiJt (Report No. USAFSAM-TR-83
19). Brooks Air Force Base, TX: U.S. Air
Force School of Aerospace Medicine.

Chou, c.-K., K.c. Yee, and A.W. Guy. 1985.
Auditory response in rats exposed to 2,450
MHz electromagnetic fields in a circularly

BioIogiad Ejf«ts ofRAdio-FrtfUt1JCJ FitlJs

polarized waveguide. BiotltctroruPttia 6:
323-326.

Ciano, M. et al. 1981. Higb-&equency electro
mapetic radiation iDjury 110 the upper Qo

tremity: loca1 and systemic effects. A"". PItut.
SIIrX'. 7: 128-B5.

Clark, JR. 1991. Can traffic radar lead to can
cer? LinD Enforrtmmt Nnvs 17032}. 1,8-9.

Cleary, S. 1977. Biological effects of microwave
and radiofrequency radiation. Crit. Rev. Envi
ron. Controls 27: 121-166.

Cleary, S. 1980. Microwave cataractogenesis.
Prot. IEEE 68: 49-55.

Cleary,S.F. 1989. Biological effects of radiofre
quency radiation: an overview. In Eltetr0m4g
7/ttit BiDintmrrtitm Mecbtlnisms, SJiftty SUI""
tlirrtis, Protection Guides, G. Franceschetti,O.P.
Gandhi, and M. Grandolfo, eds., pp. 59-79.
New York: Plenum Press.

Cleary, S.F., L.-M. Liu, and F. Garber. 1985a.
Erythrocyte hemolysis by radiofrequency
fields. Biotl«tnmulgnttics 6: 3\}-322.

Cleary, S.F., L.-M. Liu, and F. Garber. 1985b.
Viability and phagocytosis of neutrophils ex
posed in vitro to I<lO-MHz radiofrequency
radiation. Biotkarormtpttia 6: 53 -60.

Cleary, S.F., L.-M. Liu, and R.E. Merchant.
1990. Glioma proliferation modulated in vitro
by isothermal radiofrequency radiation expo
sure. RAdillt. Res. 121: 38-45.

Cleary, S.F. and B.S. Pasternack. 1966. Lenticu
lar changes in microwave workers. Arch.
Enviro". Health 12: 23-29.

Cleary, S.F., B.S. Pasternack, and G.W. Beebe.
1965. Cataract incidence in radar workers.
Arch. Environ. IItQlth II: 179 -182.

Cogan, D.G. et al. 1958. Cal:tracts and ultra
high-frequency radiatioo. "/ ..\1 .../. .·/n1o. Ind.
Httl/th 18: 2'19·· .102.

Cohen, B.H. el al. 1'177. P:lft'ntal facIO" III

Down's Syndrome: resulls of the second Bal
timore case-control srudy. In P"!,u/tltio,, Cyto
gentries-Studies in Humtlns, E.B. Hook and
I.H. Poner, eds., pp. 301- 352. New York:
Academic Press.

Cohen, B.H. and A.M. LilienfeJd. 1970. The
epidemiological study of mongolism in Balti
more. A"". N.Y. AClJd. Sci. 171: 320-327.

Cook, H.F. 1952. The pain threshold for mi
crowave and infra-red radialion. J. Physiol.
118: 1-1l.

Cox, E.A. 1984. Radiation emissions from visual
display units. In Hetllth HaUlrds of VDTs?

191

B.G. Pearce, ed., pp. 25-37. New York:
Wiley.

Curtis, R. and M. Nichols. 1983. Nonionizing
radiation. In ~t61 IIIIIl Octfl/Wlil-'
M~, W.N. Rom, ed., pp. 693-70S.
Boston: Little, Brown and Company.

Cursu, E.M. et al. 1992. Effects of continuous
and pulsed 245O-MHz radiation on sponta
neous Iymphoblastoid transrormation of hu
man lymphocytes in vitro. Biotltctromtlgn~tics

13: 247-259.
Czerslci, P. 1975. Microwave effects on the

blood-forming system with particular refer
ence to the Iympho~-yte. A"n. N.Y. Acad. Sci.
247: 232-241.

Czerslci, P. et al. 1974. Influence of microwave
radiation on the hematopoietic system. In Bi
ologic Effects Il7Id H~lllth HlIZIIF"tis of MimrwllVt
Radiation, pp. 67-74. Warsaw, Poland: Polish
Medical Publishers.

Czerski, P., M. Siekienynski, and A. Gidynski.
1974. Health surveillance of personnel 0ccu

pationally exposed to microwaves. I. Theoret
ical considerations and practiL'lll aSIJCCts.
AtrOSfJIICt Med. 45: 1137-1142.

Daily, L.E. 1943. A clinical study of the results
of exposure of laboratory personnel to ndar
and high frequency radio. U.S. NtlV/l1 Mcd.
Bull. 41: 1052-1056.

Daily, L. et al. 1948. Effects of microwave
diathermy on the eye. Am. J. Pbysio/. 155:
432.

D'Andrea, JA. 1991. Microwave radiation ab
sorption: behavioral effects. lJ~tllth Pbys. 61:
19-40.

D'Andrea. J.A.• D.L. Cobb. and j.0. de Lorge.
198'1. Lack of behavioral effects in the rhesus
monkey: high peak rn;anwa\'e pulses al 1.3
(;J 17.. RIOr!UI1WHllg,/ftifs 10: 65 -76.

D'Andrea, J.A. et al. 1'17'1. Physiological and
behavioral efle("ts of ,hronic exposure to
H50-Mllz mit"rowaves. J. MicwZL'. POUltr 14:
351-362.

D'Andrea, j.A. et al. 1986a. Behavioral and psy
chological effects of chronic 2.450-MHz mi
crowave irradiation of the rat al 0.5 mW/cm 2

•

Biotketromllgntties 7: 45-56.
D'Andrea, j.A. et al. I986b. Intermittent expo

sure of rats to 2450 MHz microwaves at 2.5
mW/cm1

: behavioral and I'hysiological ef
fects. BiotlectrOmllgnctics 7: 315-328.

D'Andrea. )., 0. Gandhi, and J.L. Lords 1977.
Behavioral and thermal effects of microwave



-

..
JlI."

t;

I(
,t.... t

1l~:~

[
1""
J......-""\0-,
I~·t..,' ..''-'

192

radiation at resonant and nonresooant wave
kDpls. RMIiP Sci. 12(65): 251-256-

D'ADdrea.JA andJ.O. de Lcqe. 1990. JIc:Iuw.
ionl eIiIcIs «-eIeca••n....ecic fields. III ..
..P/Jic#-M__App" ti"'''f~
.."... ...", O.P. Gandhi, eeL, pp.
317-338. Englewood Cliffs. NJ: Prentice
Hall.

Das, I(. et aI. 1991. Low dose rate modulated
microwave and ndiofrequency radiation can
alter gene espressions: alteration «- neuron
specific enolase activities. Am. ]. Hum. Gm.
49(suppI. 4): 453.

Davias, N. and D.W. Griffin. 1989. Effect of
metal-framed spectades on microwlIYe radia
tion hazards to the eyes ofhumans. MeJ. Bid.
E.g. e-par. 27: 191-197.

Davis, R.L. and F.I(. MOIIOfi. 1993. Cluster of
testicular canc:er in police oflic:ers exposed to
hand-held radar. Am. ]. Ind. Mea. 24:
231-233.

Deidunann, W.B. et aI. 1963. Effects on dogs of
chronic "JIOSUTe to microwave radiation.
]. Da.p. Mttl. 9: 418-425.

de Lorge. J.O. 1976. The effects of microwave
radiation on behavior and temperature in rhe
sus monkeys. In BiIJogicll1 FJfrm If~
_pn« W_ (HEW Publication (FDA]
77-8010). C.C.Johnson and M.L. Shore, eels.,
pp. 158-174. Rockville, MD: Bureau ofRadi
a10gical Health.

de Lorge. J.O. 1978. Disruption of behavior in
mammals of three different sizes exposed to
microwaves: extrapolation to larger mammals.
In PrtJuttling.r of tbe 1978 Sympon- Dtf Ekc
tromilgJUtic Fieldr ill BiologiC/II Synmu, pp.
215-228. Edmonton, Canada: International
Microwave Power Institute.

de Lorge.J.O. 1983. The thermal basis for dis
ruption of operant behavior by microwaves
in three animal species. In MimJw,wes IIfUi
Tbn7fltffeguJiltitnl, E.R. Adair, ed., pp.
379-399. New York: Academic Press.

de Lorge. J.O. 1984. Operant behavior and
colonic temperature of Mifucll fIIfI1tItt4 ex
posed to radio frequency fields at and above
resonant frequencies. BiHkctnmulgnttics 5:
233-246.

de Lorge, J.O. 1985. Effects of microwaves on
scheduIe-rontroUed behavior. In IkblWiunU
Effrets IfM~ RMiUlt_ AIIsttrptitm (HHS
Publication FDA 85-8238), J.G. Monahan
andJA D'Andrea, eels.• pp. 22-35. Washing
ton, DC: U.S. Government Printing Office.

~...Fref.,,", "" ELF Electromllpetic ElIergies

de Lorp, J.O. IDd c.s. UcJl. 1980. 0bIIerviDf
reIpOIlIeI«- raes exposed to l.28-1Dd 5.62
GHz microwaves. Bi«~ 1:

;.,183-198-
DcIuIiI, JoA.. c.R. Muil'had, and ].R. Eunis.

1991.. EpidrmioIosicalItUllM «- eJlIO"IR8
to eJcaromaanetic 6dcIs: L Geaenl health
and birth outoome. J. RMiW. PJw. 11: 3-12.

Dennis, J,A., C.R. Muirhead. and J,R. Ennis.
1991b. EpidcmioJogi<:al studies of exposures
to electromagnetic fields: n. Cancer. ]. 1lJJ
tIioI. Prvt. 11: 13-25.

DeWitt, J. et aI. 1987. Behavioral effectS of
chronic expoIIII'll to 0.5 mW/aDz of 2.450
MHz microwaves. BioeketrDtIJIIgnetics 8:
149-157.

Dicbson, W.L. and J.P. Barutt. 1984.lDvestiga
tion of an acute mierowave-oven hand injury.
J. H6IrJ SIlrJ· 9A:. 132-135.

Diekenin, I(. anclJA Berlin. 1992. Meta-analy
sis: state-of-the-science. EpiJmtiol. Rev. 14:
154-176.

Dietzel. F. 1975. Effects of electronlagDetic radi
ation on implantation and intrauterine devel
opment of the rat. Anll. N.Y. ACJ1J. sa. 247:
367-376.

Djordjevic, Z. et aI. 1979. A study of the health
status of radar workers. AviIJt. Sf1'I&e Environ.
M•. 50: 396-398.

Djordjevic, z.. N. Laurevic, and V. Djolcovic.
1971. Studies on the hematologic effects of
long-term. Iow-dose microwave exposure.
Avi#t. SJNlCe EnvinRl. Mea. 48: 516-518.

Dodge. G.H. 1969. Clinical and hygienic aspects
of exposure to electromagnetic fields. In Bi~

~1Jl Effiets tmd Hellltb Implicllti/mS of Mi
mnvllve RlldiIJtiOll, S.F. Cleary, ed., pp.
140-149. Washington, DC: U.S. Govern
ment Printing Office.

Dodge, C.H. and Z.R. Glaser. 1977. Trends in
nonionizing electromagnetic radiation bioef
fects and related occupational health aspects.
J. MimTID. PvtDn' 12: 319-334.

Doll, R. 1984. Occupational cancer: problems in
interpreting human evidence. A"". O«up.
Hyg. 28: 291-305.

Donaldson, D.D. 1974. Letters of com
ment-pro and con. N. Y. S"'tt J. Mea. 74:
2037.

Dougherty. J.D. et al. 1965. Evaluation of an
aUeged case of radiation induced cataract at a
radar site. Atratp<rce Mea. 36: 466-471.

Dumanslcij. J.D. and M.G. Sandala. 1974. The
biologic action and hygienic significance of
electromagnetic fields. In Bi. Effrets tmd

.,. ..
Biologiazi Effiets ofRJrdio-Fnqunuy Fieldr

HuJtb I-l6urdt fI{M~~. pp.
289-293. Warsaw, Poland: Polish Medical
Publishers.

Durney. c.a et a1. 1978. JWjqfnflU1"J JlMli#.
.. 1JfIfiIwIry H....... 2nd ed. (Report
SAM-TR-78-22). Broob Air Force Base, TX:
USAF School of Aerospace Medicine.

Durney, CR., H. Massoudi and M.F. lskander.
1986. 1l4aiofrequmry 1l4dit1tioll Dosimetry
HlIftIlbook, 4th ed. (USAFSAM-TR-85-73).
Brooks Air Force Base, TX: USAF School of
Aerospace Medicine.

Duna, S.K. et al. 1984. Microwave rauiation
induced calcium ion efflux from human neuro
blastoma cells in culture. Biotltm'l»1lltgnetics 5:
71-78.

Duna, S.I(. et al. 1989. Radiofrequency radia
tion-induced calcium ion efflux enhancement
from human and other neuroblastoma cells in
culture. Biotl«trtmulgrutics 10: 197- 202.

Earle, A.M. and c.A. Blake. 1985. Effects of
chronic low-level electromagnetic radiation on
estrous cyclicity and fertility in the female rat.
AlIat. Rtf. 211: 360-361.

EHD. 1983. Invmiglltitnl of RMIiIItion Emi.'si01lS
front ViIkn Disp/iIy Termina!s. Ottawa, On
tario, Canada: Environmental Health Direc
torate.

Elder, J. 1987. Radiofrequency radiation activi
ties and issues: a 1986 perspective. Hfllith
Pbys. 53: 607--611.

Elder, JA and Cahill, D. ed. 1984. Biological
Effects of RIIJiofrcftInI€J R.JilJtion (Report No.
EPA-600j8-83-026F), Springfield, VA: Na
tional Technical Information Service (PBRS
120848).

Elder. lA. et al. 1989. Radiofre(jueney radiation.
In NOn/omzinfl, RPd,alion I'mwtwn (2nd ed..
WII() Regional I'uhlicatiotls European Series
No. 25), M.J. Seuss and D.A. Benwcll-Mori
son, eds., pp. 117-173. Copenhagen: \\"orld
Health Organization.

Elmqvist, H. 1976. Pacemakers and external in
terference. AetIJ Mea. Selin. S596: 83 -86.

Ely, T.S. 1971. Microwave death. JAMA 217:
1394.

Ely, T.S. 1985. A letter to the cditor. J. M,lTOu·.
Power 20: 137.

Ely, T.S., D.E. Goldman, andJ.Z. Hearon. 1964.
Heating characteristics of laboratory animals
exposed to ten-centimeter microwaves. /EI':E
Tra1lS. Bio-Metl. Eng. B,'vIE-II: 123-137.

Emery, A.F. et al. 1975. Microwave induced
temperature rises in rabbit eyes in cataract
research.]. Heat Tramj"cr (17: 123-128.

.
193

Ericson, A. and B. Kallen. 19862. An epidemio
logical study of work with video screens and
pregnancy outeonle: 11. a case-rontrol study.
Am.]. Irul. Metl. 9: 459-475.

Ericson, A. and B. Kallen. 1986b. An epidemio
logical study of work with video screens and
pregnancy outcome: I. a registry study. Am.
]. Ind. Mea. 9: 447-457.

FCC. 1993. 11Ifonnlltioll on CeU_ RMJjo lind
RlItliofrequmcy RMIiIItitm. Washington. DC:
Federal Communications Commission. Office
of Engineering & Technology.

FDA. 1993. Update on cellular phones. FDA
Talk Pap". ("1'93-7). Rockville, MD: Food and
Drug Administration.

Ferri, E.S. and GJ. Hagan. 1977. Chronic low
level exposure of rabbits to microwaves. In
Biological EffidS of EJutro11lilgnetic Wllves
(HEW Publication [FDAI 77-8010). C.C.
Johnson and M.L. Shore, eds.• pp. 129-142.
Rockville, MD: Bureau of Radiological
Health.

Feucht, B.L.• A.W. Rilihardson, and H.M. Hines.
1949. Effects of implanted metals on tissue
hyperthermia produced by microwaves. Arch.
Pbys. Mfd. 30: 164-169.

Fischetti, M. 1993. The cellular phone scare.
IEEE Speetnmt 30: 43-47.

Fisher, P.D. 1993. Microwave exposure levels
encountered by police traffic radar operators.
IEEE Trans. F1eetrtntlllg. CI»1I/Jllt. 35: 36-45.

Fisher, P.O., Lauber, J.K., and WAG. Voss.
1979. The effect of low-level 2450-MHz cw
microwave radiation and body temperature
on early emhryonic development in cbickens.
Radio Sa. 14 (6S): 159-163.

Fleck, II. 1983. ,\licrow3\'e oven burn. Bull.
s.r. .·/«u/. .\-I,d. "I: 313-317.

Flemin/(. L.E., A.I',,1. ()ucltlllan. and S.L. Shalat.
1991. I )iseasc dusters: :l central and ongoing
role in occupational health. ]. (JfclIp. Mfd.
H: llill 112S.

Forman, S. et al. 19112. Psychological symptoms
and intermittent hypertension following acute
microwave exposure. J. Ot."Cllp. Med. 24:
93l 934.

Foster. M.R., E.S. Ferri. and GJ. Hagan. 1986.
Dosimetric study (If microwave cataractogen
esis. Bior/'etmmagrrrtlC-' 7: 129-140.

Frankos. V.II. 19R5. FDA perspectives on the
Use of teratology data for human risk assess
ment. ft",da1ll. Appl. Toxicol. 5: 615-625.

Frei, M.R. et al. 19119. Tbermal and physiologi
cal responses of rats exposed to 2.45-GHz
radiofrequenc)" radiation: a comparison of E



194
i·,l :'
W ...Fref-tfU1 aJ ELF Electrotup"ic Eta".,;" BiMDgiuJ l!/ficts ofRMl»-FnfWIIeJ FidJs 195

SAM-TR-85-64). Broob Air Fon:c hie, TX:
u.s. Air Force School ofAenIIpace MCldicine.

Hapmm. B.G. 1989a. ''SubmisaioD of nvised
work procedures for Haiku ritle" Oeaer ID
H. Tateishi). Alaandria, VA: Kr:rshner,
Wn,ht &: Hapman, P.C.

Hagaman, B.G. 1989b. "Electrostatic test me
ters for DOT Hailcu contractors" Oetter CO
H. Tateishj). Alexandria. VA: Kershner,
Wright & Hagaman. P.C.

Hagan. GJ. and R.L. Carpenter. 1976. Relative
cataractogenic potencies of two mkrowave
frequencies (2.45 and 10 GHz). In BioIogiaJ
Effects of F.kctrtmuz[(llttic W_ (HEW Publi
cation [FDA) 77-8010). C.c. Johnson and
M.L. Shore. eds., pp. 143-155. Rockville,
MD: Bureau of Radiological Health.

Hamburger. S.• J.N. Logue. and P.M. Silver
man. 1983. Occupational eltJlOSure to non
ionizing radiation and an association with
heart disease: an exploratory study. J. Cbnm.
Dis. 36: 791-802.

Hamriclc. P.E. and DJ. McRee. 1975. Exposure
of the Japanese quail embryo to 2.45 GHz
microwave radiation during the second day of
development. J. M~. PnJn- 10: 211-221.

HamricIc, P.E. and 5.S. Fox. 1977. Rat 1ympho
cytes in cell culture exposed to 2450 MHz
(eW) microwave radiation. ]. Mimnv. PI1JDn"
12: 125-132.

Harding, JJ., R.S. Harding, and M. Egerton.
1989. RisIc &ctors lOr cataract in Oxfordshire:
diabetes, peripheral neuropathy, myopia.
glaucoma. and diarrhoea. Aeu OphtlNdmol. 67:
516-517.

Haseman.}.K. and M.D. Hog:m. '975. Selection
of the experimental unit in teratology studies.
TtrlltoJogy 12: 165-172-

Healer,}. 1969. Review of studies of people
occupationally exposed to radio-~..
diations. In B~'"FIfects-' HeMtb ¥
cllti01tSofMim1wIw lWliJItilnt, S.F. Oeary. ed.•
pp. 90-97. Washington, DC: U.S. Govern
menl Printing Office.

I leins, A.P. 1990. "RF investigation involving
the MIlt'rSIt Consttllittitm" (letter to M. Gnae
ber). Salt Lake City. UT: USDOL OSHA
Health Response Team.

Heins, A.P. and R, Curtis. 1990. "RF shock
ha7.anl inspe('lion tennina' 5. Pon of Seattle"
(letter lo D. Beeston). Salt Lake City, VT:
USDOL OSHA Hea'th Response Team.

Hendler, E. 1968. Cutaneous receptor response
to microwave radiation, In Thrrmal Pt-oblmts

GoIdhaber, M.K,. M.R. Polen, mel R.A. Hiatt.
1988. The risk of miIc:arriap birda de-
r.u aIDOIIf ,...... who UIe cIiIpIay
termiDaII daring pregnancy J. W. Md.
13: 695-706-

Goldoni, J. 1990. Hematological changes in pe
ripheral blood of worken occupationally u
posed co microwave radiation. HttIIth Pbys.
58: 205-207.

Grant, LJ. 1993a. The use of 27 MHz equip
ment in hospitals. Paper presented at the lEE
CoIloquim 011 FMC and Medicine. April 28,
1993. London: The Institution of Electrical
Engineers.

Grant, LJ. 1993b. Cardiac pacemalcers mel elec
tromagnetic interferences. Paper presented at
the lEE Colloquim on EMc and Medicine.
April 28. 1993. London: The Institution of
Electrical Engineers.

Gruenau. S.P. et aI. 1982. Absence of microwave
effect on blood-brain barrier permeability to
(14 C} suaose in the conscious rat. &po Neu
1'0/. 75: 299-307.

GuiDet. R. and S.M. Michaelson. 1977. The
effect of repeated microwave exposure on
neonatal rats. RJIIIio Sci. 12 (65): 125-129.

Guy, A.W., c.-K. Chou, and B. Neuhaus. 1983.
Flfeas of Limg-T_ LtnD-UINJ lWiofrtfIID'€J
RPdiRtiIm &posure 071 RAts Volume 2. Aver"ge
SAR IItIil SAR Distributitm ;" MII7I F.rj»sd to
-frO-MHz RFR (Repon No. USAFSAM-TR
83-18). Broolcs Air Force Base, TX: U.S. Air
Force School of Aerospace Medicine.

Guy. A et al. 1975a. Microwave-induced llCOU5

tic effects in mammalian auditory systetns and
physical materials. A"". N.r. Acad. Sci. 247:
194-218.

Guy, A. et aI. 1975b. Effect of 2450-Mllz radia
tion on the rabbit eye. IEEE Tr,,1tS. Mitrou,.
Theory Tecb. MTI-23: 492-498.

Guy. A.W. et aI. 1980. Long-tenn 2450-MHz
microwave irradiation of rabbits: methodol
ogy and evaluation of ocular and physiologic
effects. ]. MicrtnJ}. PIT1Pt1' 15: 37-44.

Guy, A.W. et al. 1983. F!feas of Lrmg-l"mtt
lAw-uvel RAJiofrequmcy RJlllilJtion &:poswe on
RAts v~ J. Desi[(ll, FllCi/itus, IIItIl Proc,..
duns (Report No. USAFSAM-TR-83-17).
Brooks Air Force Base, TX: U.S. Air Force
School of Aerospace Medicine.

Guy. A.W. et aI. 1985. F!fects of Lrmg-Tm"
lmv-UIN/ Rlldiofrtf{fInK'J R.diJItion Exposure on
RPts Volume 9. SfI_ry (Report No. USAF-

__ ndMdoe OIl neurobehavioral £uno.
\ ';'daD. .iiI ' "I .._ 1: 57-71.
Gahia, MJ...... DoL McRee. J_ <::anIiotuo

c:uIar, bematolosk, ..... biochemical c«ec:u of
aCIICe ftIltra1 apclIUI'C of~ rIG to
24SG-MHz (ew) microwave radiation.~
~ 7: 223-233.

Gandhi, O.P., eel. 1991. BitIIogU F/ftat tmtl
MeJa/ AJ1J1liutiqns of~ Energy.
Englewood Cliffs, N): Prentice-Hall.

Gandhi, O.P. mel I. Chatterjee. 1982. Radi~

li-equency hazards in the VLF to MF band.
Prw. IEEE 70: 1462-1464.

Gandhi, O.P. et aI. 1992. Specific absorption
rates mel induced current distributions in m
anatomically based hwnan model for plane
waft exposuces. HeMtb P1Iys. 63: 281-290.

Gao, C., D. Lu, and Q. She. 1990. The tffects
of VDT dau entry work on operators.
ErJ-ia 33: 917-924.

Gara~Vrhovae, V., A. Fude, and D. Honat.
1992. The correlation between the frequency
of micronuclei md specific chromosome abet-
rations in human lymphocytes aposed CO mi
crowave radiation in vitro. MrnAt. Res. 281:
181-186.

Gardner, E.P., S.R. Ruth. and B. Render. 1988.
Job stress and the VDT clerical worker. H"",.
Sys. M"""fI!1IJtIIt 7: 359-365.

Garland, F.C. et aI. 1990. Incidence ofleubmia
in occupations with potential e1ectromapetic
field exposure in United States Navy person
nel. Am. ]. EpiJnnioI. 132: 293-303.

Garson. OM. et aI. 1991. A chromosomal study
of workers with long-term esposurc co radio
frequency radiation. Md. J. Austr"liJI 155:
289-292.

Gellin, GA 1971. Effect of microwave oven on
&cial radiodennatitis. ]AMA 216: 1651.

Gibbons. M. 1991. Police probe radar. cancer
risk. AtlvJmce for llAJiologKtd Srim£, Pt-oftstion
"Js 4(13).

Glaser. Z. and C. Dodge. 1982. Comments on
occupational safety and health practices in the
USSR and some East European countries: a
possible dilemma in risk assessment of RF and
microwave I'lIdiation bioeffects. In Rislt /
Bmqit A7III1ysis: The Micro'IlJllve GiJse. N. Ste
neck, ed., pp. 53-67. San Francisco: San
Francisco Press.

Goldhaber. MK 1990. The risk of miscarriage
and birth defects among women who use vi
sual display terminals during pregnancy. Re
prodtIailN Toxicology 4: 57 -6l).

mel H OrieDtlIboD. lWiin. FAvirM. BitJth:p.
i 28: 2JS-2<16. . i ' .

Frci. M.a. et"';1990. Fteld orieoIIICioD .....
during 5.6·GHz~ imIIiItion of
rata. AuUlt. SI- EtIlJinnr. Md. 61:
1125-1129.

FRi, M., J. Jauchem, md F. Heinmecs. 1988.
Physiolop:aJ effeas of 2.8 GHz radio-
frequency radiation: a comparison of pulsed
and continuous-wave radiation. ]. MimnD.
P_~p. ~ 23: 85-93.

Frei, M.R.,J.R.Jauchem, and F. Heinmetll. 1989.
Theranorqula1OlY raponaes of ntlI eJpOSed
CO U-GHz radiofrequency radiation. RMiIIt.
Eavirett. ~. 28: 61-77.

Frey, A 1961. Audirory system response to radio
frequency energy. Atrosp"ce Md. 32:
1140-1142.

Frey, A 1983: Letter: Comment on "micro
waves and the blood-brain barrier." ]. Bioelec
tricity 2: 83-88.

Frey, A.H. 1985. Data analysis reveals significant
microwave-induced eye damage in humans.
]. Micrrrw. P_ 20: 53-55.

Frey, AH. and L.S. Wesler. 1990. Interaction of
psychoactive drugs with exposure to electro
magnetic fields. J. BiMItctricity 9: 187-196.

Frey, A, S.R. Feld, and B. Frey. 1975. Neural
function and behavior: defining the relation
ship. A"". N.Y. Aud. Sci. 247: 433-439.

Friedman, G.D. 1974. Primn-of~.
New York: McGraw-Hili.

FroIen, H. and B.-M. Svedenstal. 1989. Effects
of pulsed magnetic fields on foetal develop
ment in mice. In Won With Disp/tIy U"its
(Second International Scientific Conference),
Montreal, Canada, Annexe I (Abstract 159).

Fucic. A. et al. 1992. X-rays, microwaves and
vinyl chloride monomer: their clasrogenic and
aneugenic activity. using the micronucleus as
say on human lymphocytes. MfltlJt. Res. 282:
265-271.

Fukui, Y. et al. 1992. Effects of hyperthennia
induced by microwave irradiation on hrain
development in mice. ]. IaJiJlt. Res. 33: 1-10.

Galloway. W. and M. Waxler. 1977. Interaction
between microwave and neuroactive com
pounds. In Symposium on BioIogiClll FIfects II7Id
MeflSrlf'tmnlts of RPJio Frtqumcy/ Micrrrw"ues
(HEW Publication [FDAl 77-8026). D. Haz
zard. ed.• pp. 62-67. Rockville, MD: Bureau
of Radiological Health.

Galvin. MJ. et aI. 1986. Influence of pre- and
postnatal exposure of rats to 2,45-GHz mi-

,
'"
II

It;".,
-"'"
"".

.... ,
-'.

':::~
,•• ,0,.... ,.... ,~
"",



,:1
II
I;

"

198

U.S. Environmental Protection Agenq-,
Health EtreeIs Raean:h Laboracory, ~
seuchTriqIe Park. NC. Cited. in EPA 1984.
.... I!J!«ts II{ rw;,y" •., ......
(lleport No. EPA-600/8-8l-026F), J.
Elder ...d D. CahiU, eel. Spria,&eJd, VA:
National Tec:hnical Information Service
(PB85-120848).

Kaplan, J. et aI. 1982. Biological md behavioral
effects of prenatal and postnatal esposure to
2450-MHz electrOl11agnetic radiation in
the squirrel monkey. RmJio Sci. 17(55):
1355-1445.

Kavet, R. and R. Tell. 1991. VDTs: field Jevds,
epidemiology and laboratory studies. Htafth
Pbys. 61: 47-57.

King, G.R. et aI. 1970. Effect of micrOW8l'e oven
on implanted cardiac pacemaker. JAMA 212:
1213.

Kirk, W.P. 1984. Life span and carcinogenesis.
In BiIIUIgiaU F/Jects of RAtliofnf1U'NJ RMIitrtion
(Report No. EPA-600/8-83-026F>, J. Elder
and D. Cahill, eds., pp. 5-106-5-111. Spring
field, VA: National Technical Information
Service (PB85-120848).

K1auenberg, B.J. and ).H. Merritt. 1991. No
evidence for microwave interaction with nora
drenergic neurotransmitter systems. Htalth
Phys. 60: 282-283.

Klimkova-Deutsehova, E. 1974. Neurologic
findings in persons exposed to microwaves. In
Bi%gical Ffftets and Htalth HIIZIITM of Mi
mnvavt Radiation, pp. 268-272. Warsaw,
Poland: Polish Medical Publishers.

Kolmodin-Hedman, B. et al. 1988. Health prol>
lems among operators of plastic welding ma
chines and exposure to radiofrequency elec
tromagnetic fields. /",. Ilrrh. Qal/p. EnIJJI1ln.
Htalth 60: 243- 247.

Kondra, P.A. et al. 1970. Growth and reproduc
tion of chickens subjected to microwave radia
tion. Can. J. Anim. Sci. 50: 639-644.

Kramar, P., C. Harris, A.W. Guy. 1987. Ther
mal cataract formation in rabbits. BiOtketT&
_petia 8: 397-406.

Krause, D. et al. 1991. Microwave exposure al
ten the expression of 2-5-A-dependent
RNase. RiIJiA,. Rts. 127: 164-170.

Kues, H.A. and S. D'Anna. 1987. Changes in the
monkey eye following pulsed 2.45-GHz mi
crowave exposure. Procudingr oftht Ninth An
nlllli ConfnTIKt of tht IEEE E"ginttring in
MtJicint Ad Biology Socitty (vol. 2: IEEE Cat.
No. 87CH2513-0), pp. 698-700. New York:

1lMi.-Prtff1ft9 IIfIIl ELP Eketr_ptt;e Energ;tl

Institute of Electrical md Electronic Eng;-
, ueerL

Kues, H.A. et aI. 1985. Efreas of 2.45-GHzmicro._ OIl pri1DaIe cameaI endotb.eIium.
• .....""...&6: 177-188.
Kues, H.A. et aI. 1992. Increased sensitivity of

the non-human primate eye to mia'onve
radiation following ophthalmic drug pretreat
ment. Biotkctn1tupttKs 13: 379-393.

Kues, RA. mel J.e. Monahan. 1992. Mi
crowave-induced changes to the primate eye.
Jolms Hopkins APL Tuh. Dig. 13: 244-254.

Kunz, L.L. et a1. 1983. Ffftets of Long-Ttrm
Law-uVtI RiJJiofrtpnuy RJIIliation Exposun on
1lIts VtthPM 5. Ewlution of tbr1_ 5JI'
U1tJ's Rtsportu (Report No. USAFSAM·TR
83-50l. Brooks Air Force Base, TX: U.S. Air
Force School of Aerospace Medicine.

Kunz, L.L. et a1. 1984. F/fias of Long-Ttrm
LoTD-1AJe1 RJIIliofrrfrlenty RilJUttion ErposrIrt on
Rilts Vo/rmu 6. Hmuztologi&al, Smmr CbmI
istry, Tbyroxim, and Protei" Ekctrophornis
EvaJrunions (Report No. USAFSAM-TR-84
2). Brooks Air Force Base, TX: U.S. Air Force
School of Aerospace Medicine.

Kunz, L.L. et a1. 1985. Ffftcts of Long-Ttrm
Law-UVtl RadiofrtfunItJ RiJdiation Exposun on
Rills Vo/rmu 8. EvsllllltiOll of Longtuity, Caust
of Dtath, tmJ Histt1p4tb%giul FinJingr (Re
port No. USAFSAM-TR-85-10. Brooks Air
Force Base, TX: U.S. Air Force School of
Aerospace Medicine.

Kurppa, K. et aI. 1985. Birth defects and expo
sure to video display terminals during preg
nancy. Scand. J. W01·k F.nIJ;ron. H'alth II:
351--156

Kurt. T.L. 19!1!l. Re: "Increased mortalilY in
amaleur radio IlperalOrs due to Iymphalic' an(1
hematopoietic malil(nancie,." .-1m. ]. Fpl
Jl'1mol. 1211: 1384.

Lai, H. et al. 1984a. Effects of acule low-level
microwaves on pentobarbital-induced hy
pothermia depend on exposure orientation.
BiOtltetTo",agnttia 5: 203 --211.

Lai, H. et al. 1984b. Ethanol-induced hypother
mia and ethanol consumption in the rat are
affected by low-level microwave irradiation.
BiOtketTfmrllpttia 5: 213-220.

Lai, H. et al. 1987. A review of microwave
irradiation and a.ctions of ~ychoaetive drugs.
IEEE Eng.. Mtd. Bioi. Mag. 6: 31-36.

Lai, H. 1992. Research on the neurological ef
fects of nonionizing radiation at the Univer
sity of Washington. BiOtketrrJm4pttia 13:
513-526.

BioIDgi€ F/f«ts ofRm1bJ..F~ FitlJs

Lanc:ranjan, I. et al. 1975. Gonadic function in
wodrmen with long-tenn exposure to mi
Cf'OWllve5, HeMtIJ Pbp. 29: 381-383.

LaRodle, LoP., M.M. breI, and A.F. Braun.
1970. All operational..., propam .. opb
m.Imk haanls ofmicrowaR. Am,. &IJin,r.
Hulth 20: 350-355.

Lanen, A.I. 1991. Congenital malfonnations and
esposure to high-frequency electromagnetic
radiation among Danish physiotherapists.
Samt/. J. Wri Envirotr. HuItb 17: 318-323.

Lanen, A.I.,]. Olsen, and O. Svane. 1991. Gen
der-specific reproductive outcome and expo
sure to high-frequency electromagnetic radia
tion among physiotherapists. Stand. J. Work
Envirotr. Htalth 17: 324-329.

Lanen, A.I. and). Sicotte. 1991. Can exposure to
electromagnetic radiation in diathermy opera
tors be estimated from interview data?: a pilot
study. Am. J. Ind. M~d. 19: 51-57.

Lary, j.M. 1991. "Interpretation of teratological
results in Tofani et al. 1986." October I,
1991 (personal communication). JM. Lary.
Center for Disease Control, 1600 Clifton
Road, Atlanta, GA 30333-

Lary, ).M. and D.L. Conover. 1987. Terato
genic effects of radiofrequency radiation.
IEEE. Eng. Mtd. Bioi. Mag. 6: 42-46.

Lary, ).M., D.L. Conover, and P.H. Johnson.
1983. Absence of embryotoxic effeet.~ from
low-level (nontherma\) exposure of rats to 100
MHz radiofrequency radiation. ScanJ. J. Work
Env;,"01l_ H~altb 9: 120-127.

Lary, J.M. et al. 1982. Teratogenic effects of
27.12 Mllz radiofrequency radialion in rats.
7f-t'lItolol{'l 26: 299- .109.

Lary. J..\t et al. 19113. TeratogcOIciry of 27.12
MII7. radiation in rats i, relared to duration o{

hY11cnhennic eXI)()sun:. HlOdr'(1nmm.V"NI'fl(( 4·
24'1-25.'.

Lary, J.M. et ..I. 1986. Dose-respon,e relation
ship and birth defects in radiofrcq\lenl'}'.
irradiated rats. BiotkctrDmflgnttics 7: 141-1~9.

Lebovitz, R.M. 1981. Prolonged microwave irra
diation of rats: effects on concurrent operant
behavior. Biotkctromagnttia 2: 169-185.

Lebovitz. R.M. and L. Johnson. 19117. Acute.
whole-body microwave exposure and testicu
lar function of rats. BiMlutromagnttics 8:
37-43-

Lester. J.R. 1985. Reply to "cancer mortality
and air force bases: a reevaluation." J. Biorlu
tridty 4: 129-131.

.. 199 ,.

Lester, J.R. and D.F. Moore. 1982L Cmcer
incidence and electromagnetic radiation. J.
Bitd«tritity 1: 59-76.

Lester, J.R. and D.F. Moore. I982b. Cance1'
mona1ity and air force bases. J. Bi«Iearicity
1: 77-82.

Liburdy, RP. 1979. Radiofrequency radiation
alten the immune system: modulation of T
and B-Iymphocyte levels and cell-mediated
immunocompetence by hyperthermic radia
tion. Radiat. Rts. 77: 34-46.

Liddle, CG. and CF. Blackman. 1984. En
docrine, physiological and biochemical effects.
In BioUJgical Efficts of RaJiofnfunItJ RJu#l,tion
(Report No. EPA-600/8-83-026Fl, J. Elder
and D. Cahill, eds., pp. 5-79-5-93. Spring
field, VA: National Technical Infortnation
Service (PB85-120848).

Liddle, C.G.• J.P. Pumam, and O.P. Huey. 1994.
Alteration of Iife span of mice chronically
exposed to 2.45 Gllz CW microwaves. BiG
tkctromagnttics 15: 177-181.

Lilienfeld, A.M. 1976. Found6tions Df Epidnniol
ogy. New York: Oxford University Press.

Lilienfeld, A.M. et al. 1978. Eualtl4tion ofHulth
5tatu., of Forrign St1Vict tmJ Othtr Emp/qyus
frum Stkcttd East"" EuroptllJl Posts (NTIS
PB288163). Springfield, VA: National Tech
nical Information Service.

Lim.J.I. et al. 1993. Visual abnormalities associ
ated with high-energy microwave exposure.
Rttina 13: BO-2B.

Lin, ).C. 1979. Health aspe~ of radio and mi
crowave radiation. ]. Env;ro'l. /lathol. Toxitol.
2: 14J3-J4.H.

Lin. J. 1l)!lO. The microwave auditory phe.
nomenon. p'w. /F.T-;r: 68: 67 -7 3.

Lin,).C 19!19. Pulsed radiofrequency field ef
feelS in hiological systcms. In FJrcn'oVUlgntl/C
11I1/'"''d1l''' u'llb BIO/"JI,lclIl Sy.'''''ns, J-c. Lin. ed..
1'1" 165 177 !\'cw York: Plenum Press.

Lin. .lC. 1U. Ba"cn. and C-L. Wu. 1977:
Permrhat;"n effect of animal restraining ma
terials on microwave cxposure. IF.EE Trll77J.
Bio11ltd. E"J(. BMF.-H: 80- 83.

Lin,j.C. and M.F. Lin. 1982. Microwave hyper
thermia-induced blood-brain barrier alter
ations. RiZdiiZt. Res. 89: 77-87.

Lin,J.C.,j.c. Nelson, and M.E. Ebtrom. 1979.
Effects of repeated exposure to 148·MHz ra
dio waves on growth and hematology of mice.
Radio Sci. 14(65): 173-179.

Lindbohm, M.-L. et al. 19'12. Magnetic fields of
video display terminals and spontaneous ahor
tion. Am. J. Epidl'1l1iol. 'I: \()~1- lOS \.



200

Utovitz, T.A. et al. 1993. The roJe of c:obereDce
time in the effilct cllllicruwaftl GIl GIIIidIiae
dec:arbmylue activity. BioeI«tI" UlJIWIia 14:

I 395~3.·

Uu, Y.-H. et aI. 1991.BiopIies ofhUlblll..
rec:em.., multiple IIIiaowaft~ In
histoIopcaI aad altramic:rolc:opiea stady. J.
Bi«I«tritity 10: 213-230.

Liu, L.-M., F.G. Niddess, and S.F. Cleary. 1979.
Effects of microwave ndiation on erythrocyte
membranes. RAdio Sci. 14(65): 109-115.

Logue, J.N. et aI. 1985. Congenital anomalies
and patemll oc:cupational eIpOliUR 10 Jbon.
wave, microwave, infrared, and acoustic radia
tion. J. Oawp. Mul. 27: 451-452.

Lou, W.G. and S.M. Michaelson. 1978. Tem
perature and corticosterone relationships in
microwave-exposed rats. J. Appl. PIJ:yM/.
Rap;"'. &vinm. Ertrci.re PbysioI. 44: 438-445.

Lou, W.G. and R.P. Podgorski. 1982. Temper
ature and adrenocortical responses in rhesus
monkeys exposed 10 microwaves. J. AppI.
Pbysiol. Respiro. Environ. Enrcise Pbysiol. 53:
1565-1571.

Lu, S.-T. et al. 1981. Microwave-induced tem
perature, corticosterone, and thyrotrOpin in
terrelationships. J. Appl. PbysioI. &spit'"t.
Environ. Ermise Pbysiol. SO: 399-405.

Lu, S.-T. et aI. 1992. Abnonnal cardiovascular
responses induced by localized high power
microwave exposure. IEEE Trans. Bimtud.
Eng. 39: 484-492.

Lu, S.-T., G. Lou, and S.M. Michaelson. 1980.
Advances in microwave-induced neuroen
docrine effects: the concept of stress. Proc.
IEEE 68: 73-77.

Lu, S.-T. and S.M. Michaelson. 1987. O"n
ments on "effects of continuous low-level ex
posure to radio&equency radiation on in
trauterine development in rats." Health Pbys.
53: 545-546.

Lyle, D.B. et aI. 1983. Suppression of T
lymphocyte cytotoxicity following exposure 10
sinusoidally amplitude-modulated fields. Bi".
ei«trtmrllpetia 4: 281-292.

Mackay, C. 1987. The alleged reproductive ha7r
ards ofVDUs. Work &: Strm I: 49-57.

Maddocks, A.J. 1992. The ignition of flammable
atmospheres by radio frequency initiated
sparks. IntmutiMIII ElearrmJllpetK C~
bility Symposi#m Pro«edillf/. pp. 129-139. Sin
gapore: Nanyang Technological University.

RM!io-Fref,u"tJ .,,11 ELF Electrom.pet;c E"erg;es
I,

At-. A. et aI. 1993. In vitro eytogenic dfeecs cl
2450 MHz _ GIl bumm peripheral blood

~l~ ..... "1 ...1Iia 14: 495-501.
Mafia, C. 1994. "IIIftItiptiGll of In uuWeeated

uplink 1taCioD." February .15. 1994 (penou1
COIIIIIIUAicati Cbarlea MaPa. Federal
Counm-ications ComJlriesioa, Eafinement
Division, P.O. JIm: 250, Columbia, MD
21045.

Majewsb, K. 1968. Investigations on the effect
of microwaves on the eye. Pol. Md. J. 38:
989-994.

Marcus, M. 1989. Letter to the editor. Stllfltl. J.
Wort &vinm. HuItb 15: 156-158.

Marcus, M. 1990. Epidemiologic studies of VDT
use and pregnancy outcome. 1&pnNi. TorkvI.
4: 51-56.

Marha, K. 1971. Microwave radiation safety
standards in Eastern Europe. IEEE TrllflS.
Mitrn. Th,." Tech. MTT-19: 165-168.

Marino, A.A., R.O. Becker, and B. Ullrich. 1976.
The effect of continuous exposure 10 low fre
quency electric fields on three generations of
mice: a pilot study. &perimtiII 32: 565-566.

Marino, A.A. et aI. 1980. Power frequency elec
tric: field induces biological chan.. in suc:tU
sive generations of mice. &perimtitl 36:
309-311.

Marriott, I.A. and M.A. Stuc:h1y. 1986. Health
ISpectS of work with visual display terminals.
J. Oawp. Md. 28: 833-848.

Marsba1J, L, D.H.T. Scott, and I.A. Peaston
1990. A diathermy suppression filter for exter
nal pacemakers. J. Med. Eng. Techflol. 14:
155-157.

McAfee, R.D. et al. 1979. Absence of ocular
pathology after repeated exposure of unanes
thesized monkeys to 9.3-GHz microwaves. J.
Mimnu. P(fIJ)er 14: 41-44.

McDonald, A.D. et al. 1986. Spontaneous abor
tion and occupation. ]. OCCflp. Med. 28:
1232-1238.

McDonald, A.D. et al. 1987. Occupation and
pregnancy outcome. D,·. J. Ind. Med. 44:
521-526.

McDonald, A.D. et aI. 1988a. Prematurity and
work in pregnancy. Br. J. Ind. Med. 45:
56-62.

McDonald, A.D. et aI. I988b. Fetal death and
work in pregnancy. Br. J. Ind. Med. 45:
148-157.

McDonald, A.D. et aI. 1988c. Work with visual
display units and pregnancy. Sr. J. Ind. Med.
45: 509-515.

Bi6Iog« Effias ofRMJ».Frrf'U1U] Fie!4s

McLaughlin, J.T. 1957. T_ daallCdon aDd
death from microwave radiation (ndar). CIIif.
Mttl. 86: 336-339.

McRee, D.L 1980. Sooriet and Eastern Europeaa
reaearc:h GIl bioIop:aI etreds of microwave
radiation. Prot. IEEE 68: 84-91.

McRee. D.L et aI. 1975. Some effects of exp0
sure of the Japanese quail embryo 10 2.45
GHz microwave radiation. An". N.Y. Acad.
Sci. 247: 377-390.

McRee, D.I. et al. 1980. Long-term 2450-MHz
cw microwave irradiation of rabbits: evalua
tion of hematological and immunological ef
fects. J. Mimrw. Puwer 15: 45-52.

Merckel, C. 1972. Microwave and man-the
direct and indirect hazards, and the precau
tions. CMif Med. 117: 20-24.

Merriam, G.R. 1974. Letters of comment-pro
and con. N.Y. Stllte J. Med. 74: 2036-2037.

Merritt, J.H., A.F. Chamness, and S.J. Allen.
1978. Studies on blood-brain barrier perme
ability after microwave-radiation. RJIIl. Envi
ron. Biophys. 15: 367-J77.

Merritt, J.M., W.W. ShellOn. and A.F. Cham
ness. 1982. Attempts to alter 4Sea2+ binding
to brain tissue with pulse-modulated mi
crowave energy. Bioelettro"'.petia 3:
475-478.

Michaelson, S.M. 1971. Biomedical a.o;peas of
microwave exposure. Am. Ind. Hyg. Ass«. J.
32: 338-345.

Michaelson, S.M. 1972. Cutaneous perception of
microwaves. J. Mimnv. PotPer 7: 67-73.

Michaelson, S.M. 1974. Thermal effects of sin
gle and repeated exposures to microwaves-a
review. In Biological Effects "nd Hell1tb HIfUnIs
of MimR1llfue RJIIlUItion, pp. 1-14. Warsaw,
Poland: Polish Medical Publishers.

MIchaelson, S. 1980. Microwave hiological ef
fects: an overview. Proc. IEEE 68: 40-49.

Michaelson, S. 1982a. Microwa\'e and radiofre
quency radiation. In Nonionizing RPdilltion
Proreetitm, 1st ed., WHO Regional Publica
tions European Series No. 10, M.J. Seuss, cd.,
pp. 145-174. Copenhagen: World Health Or
ganization.

Michaelson, S. 1982b. Health implications of
exposures to radio&equency/microwave en
geries. Br. J. Ind. Med. 31: 105-119.

Michaelson, S. 1983. Analysis of experimental
and epidemiological data from exposure to
microwave/radiofrequency (MW/RF) ener
gies. In BiolDgial F/ftas IIfItl Dosimnry of
N07Ii07lizing RmJiIlti07l Rtrtliojre'lunuy IIfItl Mi-

201

anNIfIt Eatrgies. M. GrandoJit, S. Michael
lOlI, aDd A. Rindi. eels., pp. 589-609. New

I York: Plenum Press.
Michae\son, S.M. 1985. Subtle etreds of ra

diohqueDcy energy absorption and their
physiological implications. In~ No
tIDmt E:karrmMpetK Fie!4s tnttl Cells, A.
Chiabrera, C. Nicolini, and H.P. Schwan, cds.,
pp. 581-602. New York: Plenum Press.

Michaelson, S.M. 1986. Interaction of nonmodu
lated radio frequency fields with living matter:
experimental results. In CRC HJnu1JIook of Bu,.
IogiclII Efficts of ElearomII~ FieIt/s, C. Polk
and E. Postow, cds., pp. 339-423. Boca Ra
ton, FL: eRC Press.

Michaelson, S. 1991. Biological effects of fa

diofrequency radiation: concepts and criteria.
Health Pbys. 61: 3-14.

Michaelson, S.M. and c.H. Dodge. 1971. Soviet
views on the biological effects of microwaves
-an analysis. Health Pbys. 21: 108-111.

Michaelson, S. et al. 1961. Tolerance of dogs 10
microwave exposure under various conditions.
Ind. Med. Sarg. 30m: 298.

Michaelson, S.M. et aI. 1964. The hemalOlosic
effects of microwave exposure. AerosJIIICe Mul.
H: 824-829.

Michaelson, S.M. et al. 1977. NeuroencIoc:rine
responses in the rat and dog exposed to 2450
MHz (cw) microwaves. In~ Off B.
IDgiuJ F/ftds IIfItl M--.n of RMlitJ F,..
fllnllJ / MimnDlIIJeS (HEW Publication [FDA]
77-8026), D. Hazzard, cd., pp. 263-279.
Rockville, MD: Bureau of Radiological
Health.

Michaelson, S.M., J.W. Howland, and W.B.
Deichmann. 1971. Response of the dog to
24,000 and 11115 MHz microwave exposure.
Ind. Med.40: Ill-B.

Michaelson, S.M. and J.c. Lin. 1987. BiMgiuI
Effects _d IIr./rh I",plirtltiMIs of'lbulM/re'l'Ufuy
RmJiIltion. New York: Plenum Press.

Michaelson, S.M. and J. Osepchuk. 1974. let
ters of comment-pro and con. N.Y. Stllte J.
Med. 74: 2034-2035.

Michaelson, S.M., RAE. Thomson, and J.W.
Howland. 1965. Comparative studies on 1285
and 2800 Me/sec pulsed microwaves.
AtrDSJNln Med. 36: 1059-1064.

Mikolajczyk. H. 1976. Microwave-induced shifts
of gonadotropic activity in anterior pituitary
gland of rats. In~ Effects ofElettrrmuI,.
fIetic W.ues (HEW Publication (FDA] 77
8(10), c.c. Johnson and M.L. Shore, cds.,

t
j'

t
f
I



Olsen, R.G. 1977. Insect teratogenesis in a
standing-wave irradiation system. Radio Sci.
12(65); 199-207.

Olshan. A.F., Ie. Teschke, and M Baird. 1991.
Paternal occupation and coDJenital anomalies
in offspring. Am. J. Ind. MtJ. 20: 447-475.

Oscar, K. and D. Hawkins 1977. Microwave
alteration of the blood-brain barrier system of
rats: Brllin Res. 126: 281-293.

Oscar, K. et al. 1981. Incal cerebral blood flow
after microwave exposure. Brllin Rrs. 204:
220-225.

Osepchuk, J.M. 1971. Comparison of potential
device interference and biological exposure
hazards in microwave leakage fields. In IEEE
11I~ Eltctrtmulgnttic Cumptltibi/ity Sym
posium Rrcord, 197J, pp. 155-161. New York:
IEEE.

Osepchuk, J.M. 1983. BiologicAl tffiets of FJtetrrJ
_flIetic RJu/iatWn. New York: IEEE.

Osepchuk, j.M. 1992. RJu/iofrt'1unKJ Sliftty IfSUts
in Industrial Htllting Systmu. Springfield, VA:
National Technical Information Serivce (AD
P007726j3/XAB).

Oser, B.L. 1981. The rat as a model for human
toxicological evaluation. J. Toxicol. Environ.
Htllltb 8: 521-542.

Ouellet-Hellstrom, R. and W.F. Stewart. 1993.
Miscarriages among female physical therapists
who report using radio- and microwave
frequency electromagnetic radiation. Am. J.
Epitkmiol. 138: 775-786.

Parazzini, F. et aI. 1993. Video display tenninal
use during pregancy and reproductive out
come- a meta analysis. J. Epidtmio/. Comm.
Htllith 47: 265-268.

Parker, L.N. 1973. Thyroid suppression and
adenomedullary activation by low-intensity
microwave radiation. "IIn. J. Ph,vsiol. 224:
1388-1390.

PauIsson, L.-E.. Y. Harnnerius, H.-A. Hansson,
and J. Sjostrand. 197Q. Retinal damage experi
mentally induced hy microwave radiation at
55 mW/cm l

. Actll Opbtha"""'. 57: 183-197.
Pay, L., E.C. Beyer, and C.F. Reichelderfer.

1972. Microwave effect.~ on reproductive ca
pacity and genetic transmission in Drr1sphilill
mtUmolCllsttr. J. Mim7w. Pawtr 7: 75-82.

Paulerova,].,j. Pickova, and V. Bryndova. 1974.
Blood proteins in personnel of television and
radio transmitting stations. In Biologic Effiet'
and JltllJth HJIZIIrds ofMilrowllvr RAdiation, PI"
281-288. Warsaw, Poland: Polish Medical
Publishers.

~

'"

. ;
...~

It:
It

"'1 ..,

"".:. :;~

-""
• ,1."

"''I.

::: :: ~

.:: :~:......
'''' "1

202

pp. 377-383. Rockville, MD: Bureau of Radi
ological Health.

Millwn, S. 1982. Mortality from 1euJraDia in
workers exposed to electrical and magnetic
fields. N. &g. J. Mel. 307: 249.

Milham. S. 1985•. Mortality in workers exposed
to eleetrolll2gtletic fields. Environ. Htllltb Ptr
sptet. 62: 297- 300.

Milham, S. 1985b. Silent keys: leukemia mortal
ity in amateur radio operators. Lmu:tt I: 812.

Milham, S. I988a. Increased mortality in ama
teur radio operators due to lymphatic and
hematopoietic malignancies. Am. J. Epi
Jemiel. 127: 50-54.

Milham, S. 1988b. The author replies. Am. J.
Epitkmiol. 128: 1384-1385.

Milham, S. 1988c. Mortality by license class in
amateur radio operators. Am. J. Epidtmiol.
128: 1175-1176.

Milroy, W.e. and S.M. Michaelson. 1972a. Mi
crowave cataractogenesis: a critical review of
the literature. Atr'OSfU'€t Mtd. 43: 67-75.

Milroy, W.e. and S.M. Michaelson. I 97Zb.
Thyroid pathophysiology of microwave radia
tion. Atrr1Sp(lct Mtd. 43: 1126-1131.

Mitchell, C.L. 1985. Soviet research on mi
crowave-behavior interactions. In Btbaviural
Effiet1 ofMierowIIIJt RAdilltion Absorptitm (HHS
Publication [FDAI 85-8238), J.e. Monahan
and J.A. D'Andrea, eds., pp. 1-8. Washing
ton, DC: U.S. Government Printing Office.

Mitchell, CL. et al. 1988. Some behavioral ef
fects of short-term exposure of rats to 2.45
GHz microwave radiation. 8iotltctnJmlll{'lttics
9: 259-268.

Mitchell, c.L. et al. 1989. Results of a United
States and Suviet Union joint project on ner
vous system effect~ of microwave radiation.
E,wiron. Htllltb Ptrrptct. 81: 201- 209.

Mitchell, D.S., W.G. Switzer, and E.L.
Bronaugh. 1977. Hyperactivity and disruption
of operant behavior in rats after multiple ex
posures to microwave radiation. RJJdio Sci.
12(6S): 263-271.

Monahan, J.e. and W.W. Henton. 1977. Mi
crowave absorption and taste aversion as a
function of 915 Mllz radiation. In ....rmPMium
on BiqJggiclll EJJtcts and MtllSUrtmmt of RAdio
FrtqurncJ/Micr'olllllvtS (HEW Publi
cation (FDA! 77-8026), D.G. Hazard, ed.,
pp. 34-40. Rockville, MD: Bureau of Radifr
logical Health.

R.Jio-Frf,.mICY IIIId ELF E/rctromllgllttic Entrgirs

,
MoDahan, J.e. and W.W. Henton 1979. The

effect ofpsydloac:tm druBs on operant behav
ioI' iDduced by microwave radiation. Riulio sa.

i , 14(65): 233-238.
Monson, R.R. 1990.~ EpidtmioIogy,

2nd ed. Boca Raton, Fl.: CRC Press, Inc.
MolZkin, S.M. 1987. Millimeter wave efti:ets of

natural and model cellular and subcellular sys
terns. In ProtuJings of tbf Nintb A"nUll! Con
ftrtrI« oftbt IEEE Enginttring in MrJi£i7U and
Biology Society (87CH25 13-0>, pp. 0416-0447.
New York: 1nstitute of Electrical and Elec
tronic Engineers.

Monca, GJ., E.S. Ferri, and F.L. Buchta. 1976.
A study of the effects of microwave irradiation
of the rat testes. In Biologkll1 Effias ofEltcmr
""'flIttic WalJt$ (HEW Publication (FOAl 77
8010), c.c. Johnson and M.L. Shore, eds.,
pp. 484-494. Washington, DC: U.S. Govern
ment Printing Office.

Murray, K.B. 19848. Hazard of microwave ovens
to transdermal delivery system. N. Engl. J.
Med. 310: 721.

Murray, W.E. 1984b. Video display terminals:
radiation issues. IEEE Compo Grllpbics Appl. 4:
41-44.

Murray, W.E. et al. 1981. A radiation and indus
trial hygiene survey of video display terminal
operations. Hum. Foctors 23: 413-420.

National Researd, Council. 1983. Vuko Dirpklys,
Wurk, and Visitn. Washington, DC: National
Academy Press, 1983.

National Research Council. 1986. Nontbrnnal
E/ftets of NOnionizing Radilltion, Washington,
DC: National Academ\' Press (National Re-
search C'JUncil l. .

Nawrot, P.S., 0.1. ,"!cRee. and MJ. (;al,·in.
IQ85. Teratogenic, hiochemical. and histolog
ical studies with mice prenatally expose,1 to
2.45-GHz microwave radiation. Rlldial. Res.
102: 35-45.

Nawrot, 1'.5., 0.1. McRee, and R.E. Staples.
198\. Effects of 2.45 GHz cw microwave radi
ation on embryofetal development in mice.
Ttrlltology 24: 303-314.

NCRI'. 1986. Biologiclll Efficts and Exposurt Cri
ttrio fur RadiofTtqurncy EltC1Tl1llltlfl'ttic Pitlds
(NCRI' Report No. !l6). Bethesda, MD:
NCRP.

NCRP. 19!18. Nonionizing Eltctrrmlllgnt,ic Radia
tions Ilnd Ultrasound (NCRI' Proceedings No.
8), pp. 9-125. Bethesda, MD: National Coun
cil on Radiation Protection and Measure
ments.

Bitliogit P.fficts ofIW;,,-Fropmtcy FiJJs

Neilly, J.P. and J.e. Lin. 1986. Interaction of
ethanol and mic:rowaves on the blood-brain
barrier of rats.~ 7: 405-414.

NeIIoo, BX et u. 1991. Marked increase in
tentopnic:ity of the combined~tion
of the indultriallOIveat 2-methoxyedwloJ and
radio&equency nadiation in rats. Ttrlltfllot;y 43:
621-634.

Nielsen, C.V. and L. Brandt. 1990. Spontaneous
abortion among women using video display
tenninals. Sand. ]. Work Environ. Htllltb 16:
323-328.

Nielsen, e.V. and L. Brandt. 1992. Fetal growth,
prererm birth and infant mortality in relation
to work with video display terminals during
pregnancy. Sand. J. Work Envinm. Htaltb
18: 346-350.

Nilsson, R. et aI. 1989. Microwave effects on the
central nervous system-a study of radar me
chanics. HuItb Pbys. 56: 777-779.

NlItionu Telecommunications and Information
Administration. 1981. MierrrwlllJe RAdillti"" Ilt
tbt U.S. EmINwy in M_ muJ IrsB~
brtpIiutiMs: An Amr.mmtt, (NTIA-SP-81-12).
Wtihington, DC: U.S. Department of Com
merce.

Nunninen, T. and K. Kulppa. 1988. Office em
ployment, work with video display terminals,
and course of pregnancy. Stllnd. J. Wurk Enu
inm. H." 14: 293-298.

O'Connor, ME. 1980. Mammalian teratogene
sis and radio-frequeOl.:y fields. Prot. IEEE 68:
56-60.

O'Connor, M.E. 1985. Effects of radiofrequency
radiation during development: the prenatal
period as a model system. In Btblluiorlll Effiets
ofMim7wllvt RAdiation Ab.<orption (HHS Publi
cation IFOAl 85-82311), j.c. Monahan and
JA. D'Andrea, eds., pp. 102- 109. Washin~

ton, DC: V.S. Government Printing Office.
O'Connor, M.E. 1988. Behavioral effects regard

ing exposure to nonionizing electromagnetic
radiation. In Nonionizing Eltetramllgnttic Radi
lltiON lind UltrIIsound (Proceedings No.8), pp.
65-79. Bethesda, MD: National Council on
Radiation Protection and Measurements.

O'Connor, M.E. 1990. Teratogenesis: nonioniz
ing electromagnetic fields. In Biologicll' Efftm
and MeJiuJ App/i€lltiens of Eltctrrmulgnttic Ell
trgy, O.P. Gandhi, ed., pp. 357- 372. Engle
wood Qiffs, NJ: Prentice-Hall.

Odland, L.T. 1972. Observations on microwave
hazards to USAF personnel. J. Occup. Mtd.
14: 544-547.

,
20'



t

~
'\
;

"

.:s
/(

,1;
::::
!~
1,1..........

I' 't~.

:~
"·'to

::'"5...
.;...
1;1:
, I

:1, .I
11

I
;;:
ii, !
J

I
I
1

I

,
204

Peteneu, a.e. 198). BioeIJ'ecg of1JIia'owna:'.
revi_ of current bowIedp. J. 0-,. MetI.
25: 103-111. , ,

PeteneII, a.e. 1991. "Addidonal informadon 011

NlOSH l'dt reprocIuc:tife eKec:ts study." Au
gust 19.1991 (personal commUllicatioa). R.C.
Pewsen. AT&:T. 6000 Mountain Awnue,
Murray Hin, NJ 07974-0636.

Peterson. OJ., LM. Partlow, and D.P. Gandhi.
1979. An investiption of the tben:nal and
athennal effects of mia'owave imldiatioD 011

erythrocytes. IEEE Tt'1IrIt. B~. Eng.
BME-26: 428-436.

PhiJlipt, RoD. et at. 1975. ThennorquIatory,
mebboIic, and cardiovascular responteI ofrats
to microwaves. J. Af1PI. PI1;piol. 38: 63G-635.

PoIiIb,J.E. andJM. Friedman. 1991. Enviroo
mental toxins and recurrent prepmc:y Iosa.
IrrfmiIizy IIfIIl Reproductive MetlimN Gaia of
North~ 2: 195-213.

Poll:, C. and E. Postow, ed. 1986. llinIiJJotiof
B~1Il Effecu ofEltarrmwgMtic Fields. Boca
Raton, FL: CRC p..-.

Pollack. H. 1975. Epidemiologic data 011~

can personnel in the Moscow embassy. BIIII.
N.Y. Ac•. Md. 55: 1182-1186.

Polson, P. and].H. Merritt. 1985. Cmcer_
tality and air roree baes: a reevaluation. J.
Bi«kdrimy 4: 121-127.

P05tOW, E. and M.L. Swicord. 1986. Modulated
fields and "window" effects. In~ oj'
BiDIogiaJ Effias of ~gwtit FiIIIlr, e.
POUC and E. Postow, eels., pp. 425-460. Boca
Raton, FL: CRC Press.

Poynter, G. 19908. The hidden hazard of traffic
safety. LnJ Jl.Irfur-t Nt1l!S 16(24): 1,8.

Poynter, G. 199Ob. Unwitting c:asualities of tra~
fie radar use. I.II1I ErrforumeRt New 16(325):
7,10.

Prato, F.S. et al. 1987. Attenuation of
morphine-induced ~lsia in mice by exp0
sure to magnetic resonance ima,ing: separate
effects of the ICltiC, radio&equency and lime
varying magnetic fields. Mil""', R_. I_~
ing. 5: 9-14.

Prausnitz, S. and C. Susskind. 1962. Effects of
chronic microwave irradiation on mice. IRE
Trims. Bio-Med. EItmrnt. BME-9: 104-1OS.

Preskom, S.H., W.O. Edwards, and O.R.
Justesen. 1978. Retarded tumor growth and
greater longevity in mice after fetal irradiation
by 245O-MHz microwaves. J. Surg. Oncol. 10:
483-492.

lUdi.-Fnf.ttItJ."J ELFEkc_.petU E""fiel

Presman. AS. 1970. EM"", ""f.1'dk FitIJIls .-
mLi/l. New Yodc PIeum Pr-. i i

1'reIlDIl, Eo, Eo VIlftIOUI'. aDd H. AIm....
1979. Per-abiIity of the bIoocl-hniD __
to JIIIIIDitIOl in die rat fODowiar 2450 MHz
microwave irradiation. Br.m RD. 174: 109
117.

Ragm, H. et al. 1983. Hematologic and im
munologic effects of pulsed microwaves in
mice.BiM~ 4: 383-396.

Rama Rao, G.R., c.A. Cain, and WAF.
Tompkins. 1984. Effi:crs of m.ic:rowave apo
sure 011 the hamster inun1lJle system. In.
MacrophaF resiItmce to ftIicuIar ItoIDIIitis
virus hJfectioo.~ 5: 377-388.

Rama Rao, G.R., c.A. Cain, aad WAF.
TOIIlJ*ins. 1985. Effi:crs of miaonve ClIpO

sure 011 the hamster immuae ....... W.
Spleen cdl IgM hemo\ytic plaque formation.
Bitlela:tn:upt1ia 6: 41-52.

Raslear, T.G. et aI. 1993. Temporal bUection in
rats: the effectI of hiP-pak~
microwave irradiation.B~ 14:

. 459-478.
ReD, R. 1979. PoteI1tia1 imcrference wid!~

cal electronic deriees. W. N.Y. ADM. MetI.
55: 1216-1221.

RemittpJlt, R.O. and MA Schork. 1970. Sutb
tia flJidI App/ianiMs III ,.BitMgiaI/ IIIIIlHMItJI
Scmtttt. Ensfewood CliIlS. N}: Prentice-Hall.

RicJwodson, A.W.. T.O. 0-, and H.M.
Hines. 1948. UperimenuJ Jimaiadar opacideI
produced by microwave irradiations. AMA
Arch. PIrys. MM. 29: 765-769.

Ripu-Perez, }.G. 1990. Summary of final dis
cussion.~ TIIXitrt/.4: 67-69.

Roberts, NJ. 1983. Radiofrequellcy and mi
crowave eft'ecn on immunolO(licaI and hemat
pojeUc systems. In IJitIIfPM EJftcts IIfIIl
lJositr«try qf~~~
fI't'C! IIfIIlM~ &ttrgiG. M. Grandolfo,
S. Michaelson, and A. Rindi, eds., pp.
429-459. N_ York: Plenum Press.

Robtrts, NJ., Lu, S.-T., and SM. Mtchaelscm.
1983. Human leukocyte Nnctionsand the U.S.
safety standard for exposure to radio
frequency radiation. Stim« 220: 318-320.

Roberts, NJ. and SM. Michaelson. 1985. Epi
demiological studies of human exposures to
radi~uency radiation. Iftt. Arch. Oaup.
u,1Jirtn:. Hetdtb 56: 169-178.

Roberts, NJ., SM. Michaelson, and S.-T. Lu.
19114. Exposure ofhU11lllll mononuclear leuko
cytes to microwave energy pulse modulated at

i',·i

Bi#Iogic EJftcts qfRMJio..F~FiJJs

16 or 60 Hz. IBBE T,.,. M.,.,. 1'Mry
I'Td. MIT-32: 803-807.
Rohi-. CoD. aDd C. Sihermao. 1977.e-.

of deIrh foIIowiDI ~tional e:rplRft to
miaowIw radiation (oW) 1950-1974. IuS,.,••• ....... I!/I«tJ ..M-..
-- tf IW;.~/~ (HEW
Publication (FDA) 77-8026>, o. Hazard. eel,
pp. 338-344. Rockville, MO: Bureau of Radi
ological Health.

Robinette, 0., e. Silverman, and S.jabloa. 1980.
Effects upon health of occupational~
to microwave radiation (radar). Alii. J. 1?4J;"
~. 112: 39-SJ.

Rogers, SJ. 1981. R.dio&equenqr bum hazards
in the MFIHF bIlIld. In PromiiIItI of II
W...w.p • ,. ",.,.,. of1'mtmMIAl"iIIIt
RUM, USAFSAM A~ ReuiefIJ
3-81, J.e. Mitchel.l, ed., pp. 76-89. Qted in

CritipI If"~ • BieIJf«ts If ...
~ IWitItiM: A c,...... 1lII1itfIJ
Ptni.-t .. Air F_~ (Report No.
USAF'SAM-TR.-87-J) by L HeyDic:k, lIP.
147-1<48. Broob Air Force Base. TX: U.S.
Air Force School of Aerospace Medicine,
1987.

RohI. O. et aL 1975. Tlae effect of ndar 011

cardiac pacemaiters. lSA T,..,. J4: lIS-l17.
RnedJnwu;, P. 1991. HumaIa auditoly I)'ItetD

respl*e to puIMd~ eIletJY ie
rf aJiJs •.mapetie I'eIOIIIIIce at 2.4 to 170
MIh. M.9L ....~ 21: 197-215.

Rwe. V.E. et aI. 1969. EvaluadOll and control of
exposures in repairing miaowave 0\'llIIS. Alii.
I_ H•. Amar. J. 30(2): 137-142.

Roaenthal, Os. and S.C. leering. 1968. Hypo
pnadism afiler microwave radiation. JAMA
205: 105-108.

Rosenthal, S.W. et aL 1976. Effects of H and
107 Gih cw miCl'OWneS 011 the rabbit eye. In
BiMptsJ PIJids oj'l!Jfm-.pticW_. C.C.
Jotu- and M.L Shore eds., (HEW PubIia
tion(FDA) 77-8010), pp. 110-128. Rockville,
MO: Bureau of Radiological Health.

Rotkovslta, O. et aI. 1993. Evaluation of the
biological effecrs of police radar RAMER 7F.
Erw;""'. Hultb Pn'IJmt. 101: B4-U6.

Rubin, A. and W.J. Erdman. 1959. Microwave
exposure of the human female pelvis during
early pregnancy and prior to conception. Am.
J. Pbyr. Med. 38: 219-220.

Rugh, R. et al. 1975. Respoll$eS of the mouse to
microwave radiation during estrous cycle and
pregnancy. IWIiIIt. /In. 62: 225-241.

20S

RuP. R. 1976L The reJaeioft of sex, .. and
~ of mice to IIIicrO'Inrve radiation ___

. tmty.J.~. Pt1wr 11: 127-132.
RuJb, R. 1976b. Are mouse r- which ....

me JIlicrotm,e ndiadon~ af..
Cec:ted thereby? H,./th PItys. 31: 33-39.

Rugh, R. and M. Mc:MaMway. J976. Abadaesia
as an etTective apJt apinst the productioD of
oonpnital anomalies in mouse fCtutes _
posed to electromagnetic radiatiOl1. J. &po
Zaol. 197: 363-368.

RustaD, P.L., W.O. Hurt, and J.e. MitdJe1J.
1973. Microwave 0ftIl interference with car
diac pacemakers. Md.~ 7: 185-188.

Sadcikova. M.N. 1974. Oinica1l1W1ifesutiona of
reactions to microwave irradillion in various
occupational groups. In~ P/Jids ..
,.". HIIUI'I1s If MitmNvt IlMNtiIt&, pp.
261-267. Wanaw, Poland: Polish Medical
Publishers.

Sa..., J.D. and LA. Profl 80 1992. Mi
c:rowave-spedfic heating .trec:ts .... apreI
lIion. BiN/o;t:",.,."",., 13: 75-78.

Saito, M. and M.P. Schwan. 1961. T1te time
COII!Itants of pearkhain ICmJation. bt ~
.."qf" IWrtb Tri-StnJi« e-
",... • I!IJit# If~
RMIitstiM, vol. 1. MoI:. Peyton, ed., pp. 85-97.
New Yorl: Plenum Presa.

Sanders, AP.....d W.T. Joines. 1983. 1!/fecu ef
2IJO, m•.. 24$0 MIls M.....", .. CIw
"",B.rpMn.' '1 (EPA-600/S1-82-o14).
Spritlsfield, VA: N.aouI Technical btfonna.
lion Semce (PB 83-116913).

Sanden, AP. and W.T. joinea. 1984. The ~
feces of h)'peI'themU IIId Jan:crdIamia plus
microwlftl 011 rat brain enersY metabolism.
~5:63-70.

Sanders, A., W. Joines. and J. Allis. 1984. The
differential effects orzOO. 591, and 2.450MJh
radiation on rat brain enet'IY metabol•. 0;..
~pnia5: 419-433.

SandelS, A., W.joines, andj. Allis. 1985. Effects
of continuous--wave, pulsed, and sinUSQiclal
amplitude-modulated microwaves on brain
energy metabolism. Bioekctnmupttits 6:
89-97.

Sanders, A., O. Schaefer, and W. Joines. 1980.
Microwave effects on energy metabolism of
rat brain. Biod«tnmlllpnia 1: 171-181.

Sandstrom, M., B. Stenberg, and K.H. Mild.
1989. Provocation tests with ELF and VLF
electromagnetic fields on patients with skin
problems associated with VDT work. In WMi



'.'

..~'
II;
,('

:::::.....
.'... ,~.

......

.,.'"

:~::I

Ii

~

206

1I1ith Disp/IIy UrIiIs (Second International Sci
entific Conference>' Montreal, Canada (Ab
stne:t lOt>.

Santilli, It. et at. 1988.816 mdanoma deve1op
ment in bbdt mice ezposed to Iow-IewI mi
crowave radiation. Bioele~petia 9:
105-107.

Sastradipradja, S. and K.H. Joyner. 1990. Safety
of personnel, fuels and elecero-exp\osive de
vices in proximity of high power HF radar
installation. In ProceeJmgs of1lJuIIIrrorI '90, vol.
2, pp. 515-519. Adelaide, SA, Australia: De
fence Sci. Techno!. Organ.

Saunders, R.D., z.j. Sienkiewicz, and C.I.
KowalauJc. 1991a. Biological effects of elec
tromagnetic fields and radiation. J. RildiDl.
Prot. II: 27-42.

Saunders, R.D., Z.j. Sienkiewicz, and C.1.
KowalczuJc. 1991b. B~ F/fiets of Expo
mre to N07I-I07Iising El«trtmuJpetic Fielils ...
RmJUni07l (NRPB-R240). Chilton, Own, UK:
National Radiological Protection Board.

Savitz, D.A. and E.E. Calle. 1987. Leukemia and
occupational exposure to electromagnetic
fields: review of epidemiologic studies. J. Oc
cup. Me•. 29: 47-51.

Schlagel, c.J. and A. Ahmed. 1982. Evidence for
genetic control of microwave-induced aug
mentation of complement receptor-bearing B
lymphocytes.]. ImmunoJ. 129: 1530-1533.

Schnorr, T.M. 1990. NIOSH epidemiologic
studies of pregnancy outcomes. Reprod. Toxi
col. 2: 247-251.

Schnorr, T.M. et al. 1991. Video display tenni
nals and the risk of spointaneous abortion. N.
Engl. J. Med. J24: 727-733.

Schreinicke, G. et al. 1990. Stress-related
changes of saliva cortisol in vdu operators.
I"t. Al"Ch. Occup. E"viro". Hellltb62: 319-321.

Schrot,J.,J.R. Thomas, and R.A. Banvard. 19110.
Modification of the repeated acquisition of
response sequences in rats by low-level mi
crowave exposure. Bioelectromllg"etics 1:
89-99.

Schwan, H. 1971. Interaction of microwave and
radio frequency radiation with biological sys
tems. IEEE Trans. Microwave Theory Tech.
Mllf-19: 146-152.

Schwan, H.P. 1982. Nonthennal cellular effects
of electromagnetic fields: ac-field induced
ponderomotoric forces. Br. j. Cancer 45(supp.
V). 220-224.

Schwan, H.P. 1987. Biological Effects of Non
Ionizing Radiations: Cellular Properties and

hJio-Fre,."'CY .,,4 ELF Electro"'"petic E"ergies

Interactions <Lecture No. 10). Bethesda, MOl
Natiooal Council on Radiation Protection and
Measurements.

Schwan, M.P. 1992. Early history of bioel~
mapetics. Bieela:,,, wpetia 13: 453-467.

SciaW. A.R. 1990. The history of concerns about
velts. RepnJ. TuicoJ. 4: 43-44.

Segal, A. and R. Magin. 1982. Microwaves and
the blood-brain barrier: a review. J. Bioelec
tricity 1: 351-398.

Segal, A. and R. Magin. 1983. Letter: reply to
comment on "microwaves and the blood-brain
barrier." ]. Bioelectricity 2: 89-92.

Servantie, B. et aI. 1974. Pharmocologic effects
of a pulsed microwave field. In Biologic Efficts
.". Huhh JUunIr -fMicrnJ6lJt RJu/Ulti07l, pp.
36-45. Warsaw, Poland: Polish Medical Pub
lishers.

Servantie, 8M. andj. Gillard. 1983. Behavioural
effects of radiofrequency energy. In Bislogiad
F/f«ts muI Dosimetry of N07Iiortizing RJuliati07l
1lIItWfnpnu:y lind MimlwllVe Energies, M.
Grandolfo, S.M. Michaelson, and A. Rindi,
eds., pp. 393-410. New York: Plenum Press.

Servantie, B., A.M. Servantie, and j. Etienne,
1975. Synchronization of cortical neurons by
a pulsed microwave field as evidenced by
spectral analysis of electrocorticograms from
the white rat. An". N.Y. ACII•. Sci. 247:
82-86.

Seth, H.S. and S.M. Michaelson. 1965. Mi
crowave cataractogenesis. J. Occup. Med. 9:
439-442.

Shacklett. D.E., T.j. Tredici. D.L. Epstein. 1975.
Evaluation of possible microwave-induced lens
changes in the United States Air Force. AII.ar.
Splla EnVIron .'vIed. 46: 1403- 1406.

Shandala. M.G, M.1. Rudnev. and 1.1' L"s.
1981. Investigation of hiological effects of
nonionizing microwave radiation. In Proceed
ings of US-USSR WorltJhop on PhySICal Fllcro~

Microwaves lind Low Frequency Fields, pp.
103-112. Research Triangle Park, NC: Na
tional Institute of Environmental Health Sci
ences.

Shepich, T J. 1990. "Safety hazard infonnation
bulletin on radiofrequency radiation-caused
bums" (memorandum to regional administra
tors). Washington, DC: llSDOL, Occupa
tional Safety and Health Administration.

Sheikh, K. 1986. Exposure to electromagnetic
fields and the risk of leukemia. Arch. Environ.
Heilith 41: 56-63.

",
Biologic Effects ofRlldio-Fnqumcy Fields

Shelcoo, W.W. andJ.H. Merritt. 1981. In vitro
study of microwave effects on calcium eft1ux
in rat brain tissue. B~pnia 2:
161-167.

Shore, M.L., R.P. Felten. and A. Lamanna. 1977.
The effect of repetitive prenatal exposure on
development in the rat. InS~ 071 Bio
ItIgiuJ FIfias .. M_t of 1lM/io Frr
qt«NJ / Mimnuuu <HEW Publication [FDA]
77-8026), D.G. Hazzard, ed., pp. 280-289.
Rockville, MD: Bureau of Radiological
Health.

Siekierzynski, M. 1974. A sltldy of the health
status of microwave workers. In BiolDgic F.fJeets
lind lletdtb Ha?lmk ofMimnvave R.diIItion, pp.
273-280. Warsaw, Poland: Polish Medical
Publishers.

Siekierzynski, M. et al. 1974. Health surveillance
of personnel occupationally exposed to mi
crowaves. In. Lens translucency. AtrOJ/HIlI
Med. 45: 1146-1148.

Sigler, A.T. et al. 1965. Radiation exposure in
parents of children with mongolism (Down's
Syndrome>. Bull. ]. Hopkim Hosp. 117:
374-399.

Silvennan, C. 1973. Nervous and behavioral ef
fects of microwave radiation in humans. Am.
J. EpiJnnioi. 97: 219-224.

Silverman, C. 1980. Epidemiologic studies of
microwave effects. Proc. IEEE 68: 78-84.

Silverman, C. 1985. Epidemiology of microwave
radiation effects in humans. In EpUkmi%gy
If7Ul QWI"ti"'tio. of Envmmme"",1 Risk i" Hu
""'11J fr- Rildillti07l and Other Agenr.r, A.
Castellani. ed .• pp. 433 458. New York:
Plenum Press.

Slinev, D.H. and D.L. Conover. 1975. l"onion
izi~g radiation. In InJIL<lnal fill '/mnmmrnl
1I,"lth. L. \". Cralley and I' R. "tk,"~. cds.. PI"
157-177. New York: Acadenllc Press.

Smialowicz. R,J. 1987. Imlllunolo~c effel"ls of
nonionizing e1ectromagneuc radIation. 11-:1-:1·:
Eng. Med. Bioi. Mn~. 6: 47- 5 I.

Smialowicz, R.J.. P.L. Brugn%Cli, and M.M.
Riddle. 1981. Complement receptor positive
spleen cel1s in microwave <24501-irradiated
mice.]. !Himrw. PlYWer 16: 73-77.

Smialowicz, R.J. et al. 1981. Chronic exposure of
rats to lOO-MHz (cw) radiofrequency radia
tion: assessment to biological effects. RIIdillr.
Res. 86: 488-505.

Smialowia, R.J.,j.B. Kinn, andj.A. Elder. 1979.
Perinatal exposure of rat.~ to 2450-MHz ew

201

microwave radiation: effects on lymphocytes.
lWio Sci. 14(65); 147-153.

Smith, MJ. et aI. 1981. An investigation ofhealth
complaints and job stress in video display
operations. In Selea RDt4rth 1lq»r# • Huith
1lJ1I# m V'uIeo DispIIIy T"..;"tU 0peratIJn
(NTIS PB90-IOH83). SpringfieJd, VA: Na
tional Technical Information Service.

Smith, A.B. et al. 1982. A Preliminltry Report 011 a
Cross-Sectional Survey tlf VDT Users .t the &II
timore su". Cincinnati, OH: National Insti
tute for Occupational Safety and Health.

Sommer, H. and H. von Gierke. 1964. Hearing
sensations in electric lid,!s. Anllspllet Med. 35:
834-839.

Spalding, J.F., RW. Freyman, and L.M. HoI
land. 1971. Effects of 800-MHz electromag
netic radiation on b,Kly weight, activity,
hematopoiesis and life span in mice. Hellhh
Pbys. 20: 421-424.

Spiers, D.E. and S.c. Baummer. 1991. Thennal
and metabolic responsiveness ofJapanese quail
embryos fol1owing periodic exposure to 2,450
MHz microwaves. Bioelectromllpetics 12:
225-239.

Steel, M.C. and R.j. Sheppard. 1986. Dielectric
properties of lens tissue at microwave fre
quencies. Bioekctromllgnetics 7: 73-81.

Stel1man, J. and S. Stellman. 1980. Health ef
fects of radiofrequency radiation in a cohort
of physical therapists (abstract). Am. J. EP1~

demitl/. 112: 442-443.
Stewart, \V. and R. Ouellet-Hellstrom. 1991.

Advene R~uctit)f Event! lind Electrrmulgnetic
RIIdillrion (Johns Hopkins University # IRO I
0110 2373-0IAII. Springlield, VA: National
Technical Inform'llion Service (I'B92
1457'1(,).

Stewart- Dellaan. 1'. ct al. 1'J1l3. In vitro studies
of microwave·induced calaract: separation of
fie'" and heatlll/! cfft:t"I,. r;,"/!. Eye Res. 3(,:
75-'10.

Stewart-Dellaan, P. et al. 1'185. In vitro studies
of micruwave-in,luced cataract: reciprocity be
tween exposure duration and dose rate for
pulsed microwaves. Exp. Eye Res. 40: 1-13.

Stuchly. M.A. et al. 198/l. Teratological assess
ment of exposure to time-varying magnetic
field. Terar%f{Y 38: 461-466.

Sulek, K. et al. 19110. Biologic effects of mi
crowave exposure. I. Threshold conditions for
the induction of the increase in complement
receptor positive (CR +) mouse spleen cells



I·
i
I
4
I

.. r
,",$

(:
.c;r

... I'l,
!.;::::,
/ .......'

l
''.~
.1....

·'1 ..~.

J:::~, .. ".,...-............
::::~,

208

foJlowiDr aposure to 245D-MHzmi~.
bIiM. ".83: 127-137. '. .

SuIJftou, DX. O.P. GIDdbi, IDll A. TI8ove.
1988. VIe of the fiake.4ift'aalCe time
domain medIod for ~-1beoIptioo
in man models. IEEB Tmu. Bm-l. F.III.35:
179-186.

SUIRI'. M. 1991. What is a cause and how do we
know one? • grammar for pragmatic epidemi
ology. A_ J.~ 133: 635-648.

Suaoft. CR. and F.B. Carroll 1979. EIfccts of
mic:rowaft-indueed hyperthermia OIl the
bIood-bnin burier of the rat. RMIio Sci.
14(65): 329-J34.

S_bec:k. G. .md T. Blcebr. 1989. Skin pr0b
lems from .. display 1JIlits. kill Denn.
Y,.",., (Sad'h.) 69: 46-51.

Snuiphki, S. et al. 1977. In YitJo and in vivo
inhibition of vinJS multiplication by ~
crowave hyperthermia. Anb. Vnl. 53: 71-77.

Smligielski. S. et aI. 1982. Aa::elerated devdop
ment of spontaneous and bem:.opyrene
induced skin cancer in mice to 245D-MHz
microwave radiation. BiofltctTl11Ugrmia 3:
179-191.

Smligielski, S. and J. Gil. 1989. E1ect:romagnetic
fields and neoplasms. In Biof~I.
urlldion Mecbllnimar, s.[ayS~. 1'metJ.
tUm GuiJn. G. Franceschetti, O.P. Gandhi,
and M. Grandolfo, eds., pp. 81-98. New York:
Plenum Press.

SwdzinsId. A et aI. 1982. Acceleration of the
development of benzopyrene-induced skin
cancer in mice by microwave radiation. Arcb.
o-mm. Res. 274: 303-312.

Taflove, A. and M.E. Brodwin. 1975. Computa
tion of the electromagnetic fields and induced
temperatures within a model of the mi
crowave-irradiated human eye. IEEE Trll7lS.
MimnlJ. Tbeary Td. MTT-23: 888-896.

Taslrinen, H., P. Kyyronen, and K. Hemminlri.
1990. Effects of ultr3SOW1d, shortwaves, and
phJ5ical aertion on prepanc:y outcome in
physiotherapists. J. EpUkmUII. Ctmmllnlity
Hultb 44: 196-201.

Taylor, L.S. 1981. The mechanisms of ,thermal
microwave biological effects. Biofltctrtmlllgntt
ia 2: 259-267.

Teixeira-Pinto, AA et al. 1960. The behavior of
unicellular organisms in an electromagnetic
field. &po CeU Res. 20: 548-564.

Ten, It 1990. A" IlWUtiglltitm of Ekaric tmtl
MiIgntti& Fie/Jt _ {)ptrIIttIr~ PrwlwtJ
by JlDTs: MOSH JlDT Epitlnrsiology SttuJy (Fi-

/.

~-Fref.m"""tl ELF Eltartml"lfleti, &trt;iu

naI Report: prepared for NlOSH). Las Vegaa,
~NV: llicMrd Tel AIIociates. IDe:.

Tenpoch, S.M.198!.~ indDced
by RF ... MW ,...,. In ,.",. If/'eaI
.. ,.."" if N"';r ...........
~ _ ,MianllIlJl ..".. M.
GnadoJlo. s. Micbadson, and A Rindi. eds.,
pp. 485-500. New York: Plenum Press.

Tengroth, B. and E. AureII. 1974. Retinal
chanps in microwave workers. In lliMgk 1!f
ftas tmtl Hultb n-tlr if MimnNvt RMfi#.
liM, pp. 302-305. Warsaw, Poland: Polish
Medical Publishers.

Thomaa, J.A. and B. Ballantyne. 1990. Occupa
tioDal reproductive risks: sources, surveillance,
and tatin,. J. 0mIp. MtJ. 32: 547-554.

Thomaa, J.lt et aI. 1975. Effects of '--level
microwave ndiation on behavioral baselines.
.Aa. N.Y. kML sa. 247: 425-432.

TIkbnen, J. and O.P. Heinonen. 1991. Mater
nal eIpOSU1'O to chemical and ph}'Sical factors
durin, prepanc:y and cardiovascular malfor
mations in the offspring. T~ 43:
591-600.

TinJinaIIi, J.E., G. Krause, and E. Cunei. 1983.
Miaowave radiation injury. An. Enrerg.
MttI. 12: 645-647.

Tofmi, S. et aI. 1986. Effects of continuous
low-level exposure to radiofrccpJency radia
lion on intrauterine development in rats.
HttIItb PIIys. 51. 489--499.

Tofani, S. et aI. 1987. Reply to Lu and MicbaeJ
son regardin, effects of continuous low-level
ezposure to radiofrequency radiation. Hultb
PIIys. 53: 546-547.

Toler, J, et al. 1988. Long-tenn study of 435
MHz radio-frequency radiation on blood
borne end points in cannulated rats pan II:
methods, results, and summary. ]. Micraw.
lWtr Eltetr-.g. Erwgy 23: 105-136.

Trevithick,J. et al. 1987. Histopathological srod
ies of rabbit eornea exposed to millimeter
waves. ProatJin" of the NiBth A"""., e-ftr
IfI« of the EngirrurirJg in MtJidru _ Biology
S«iay (S7CHl513·0), pp. 695-697. New
York: IEEE.

Tribubit, B., E. Celcan, and L.-E. Paullson.
19863. EIfccts of pulsed magnetic fields on
embryonic: development in mice. In l'rrKwJ.
n." of the btterutitnud &inltifie CAnftn1In:
W,,* ftlith DisJUy Unit1, pp. 68-70. Stock
holm, Sweden. May 12-15, 1986.

Tribubit, B., E. CeIcan, and L.-E. PJuIlson.
1986b. Effects of pulsed magnetic fields on

JJiMJgie FIficts ofIWio-Prtf1lD"1 FieIJs

embryonic development in mice. Biofkt:tJv.
.....S«iet1 Newlet#r 66: 2-3.

Van Ummenen, e. 1961. The effect of 2450 me
l'lIdiIdOIl on the deft10pDeDt of the chick
emIJI,o. In PM .... 1/,. P.-d1 If-'
~ e-p,r.a. the .",.., If/<<rs 1/
MinYww RMiMiM, vol. 1, M.F. Peyton, ed.,
pp. 201-219. New York: Plenum Press.

Van Ummersen, C.A and F.e. Cogm. 1965.
Experimental microwave cataracts. Arcb. E.
uinln. Helllth 11: 177-178.

Veyret, B. et ,I. 1991. Antibody responses of
mice exposed to low-power microwaves under
combined puJse-and-amplitude modulation.
lJiMlKnwupetia 12: 47-56-

Wangemann, It and S. Cleary. 1976. The in
vivo effects of 2.45 GHz microwave radiation
on rabbit serum components and sleeping
times. RAJ. Erwirrnml. BitIpbys. 13: 89-103.

Ward, T.1t et aI. 1986. Brain temperature mea
surements in rats: a comparison of microwave
and ambient temperature exposures. Bi«k
tTr1IIUpttia 7: 243-258.

WesterhoIm, P. and A. Ericson. 1986. Pre~

nancy ontcome and vdu-work in a cohort of
inIurance clerics. In ._ /Ii6tiMt.tI SdnniJit
e..tm-r: Wri ftIitJJ DiIflI9 (h;", pp.
665-668. Stockholm, Sweden, May 12-15,
1986.

Weyandt, T.R. 1992.~ 1/BiMgiaI_
MIlk""'" F..........,. PrIInrtMl
lMiI &ptMrn ;" 111 MM 1lMt1iIurer-..
SprinpeId, VA: National Technicallnforma
tion Service (AD-A247 384).

WHO. 1987. VfSfIIIi cm,u, T_iNlls_ Wm
trs' HtIlItb (WHO Offset Publication No.
99). Geneva: World Health Organization.

WHO, 1993. F..J«tror-gnetic FNUs (300 Hz tD

JOO GHz.) (Environmental Health Criteria
137). Geneva: World Health Organization.

Wike, E.L. and E.1. .Marrin. 1985. Comments
on Frey's "data analysis reveals significant~
crowave-induced eye damage in humans." J.
MimnlJ. PnJw 20: ISI-184.

Wdttor-Jedrujc.zak, W. et a!. 1977. Immune
response of mice to 245D-MHz microwave
radiation: overview of inununoJosy and em
pirical studies of lymphoid splenic cells. RmJio
Sci. 12(6S}. 209-219.

Wiley, M. et aI. 1990. Milgnnic FielJ JWmt
~ StIIIJ.y (Ontario Hydro Report
#HSD-91-3>. Ontario, Canada: Ontario Hy
dro.

209

W'dIrening, G.M. 1991. NonionizinJ Radiation.
In PlItIJ's hIlMstrMl n,p., ..T~
GamII PriIttipIts, 4th ed., G.D. CIaytrm ...
F.E. Cayton, ods.. pp. 657-742. New York:
Jolm Wiley and Soot.

Williams, D.B. et al. 1955. BioIoP: effects stud
ies on microwave ndiation. A.M.A. Arrb.
0p/nINIIm0l. 54: 863-874.

Williams, RJ. and E.D. Finch. 1974. EumiJJ2
don of the cornea following exposure to mi
crowave radiation. AtrllSp.ce MeJ. 45:
393-396.

Williams, R. and T. Webb. 1980. Exposure to
radio-frequency radiation from an aircraft
radar unit. Auillt. SJHlce Environ. MeJ. 51:
1243-1244.

Williams, W. et al. 1984. Effects of 2450-MHz
microwave energy on the blood-brain barrier:
an overview and critique of past and present
research. IEEE TrllJlS. Micraw. Theory Tecb.
MTT-32: 808-817.

Windham, G.c. et al. 1990. Use ofvideo display
terminals during pregnancy and the risk of
spontaneous abortion, low birthweight, or in
trauterine growdJ retardation. Am. ]. Inti.
MtJ. 18: 675-688.

Wright, N.A. et al. 1984. Biological studies with
condnUOll5-WIVe radiofrequenc:y (28 Mild
racliadon. 1lMIMt. Ills. 97: 468-477.

Zam, M.M. 1972. 0inicaI MpeCts of'nonioni.
ing radiation. IEEE TrllffS. Biomttl. &,.
BME-19: 313-316.

Zaret, MM. 19743. Cataracts fOllowing use of
microwave oven. N.Y. Stott ]. Metl 74:
2032-2034.

Zaret, M.M. 19741>. Response by the author.
N.J'. State]. MM 74: 2039-2048.

Zaret, M.M. 1975. Blindness, deafness, and
vestibular dysfunction in a microwave worlcer.
Eyt, Ettr, No« Tbrvt M/IIItbly 54: 291-294.

Zaret, M.M. 19803. Cataracts following use of
cathode ray tube displays. In Proemlin" of
I"tn'nIltilJfUll Sympm- of Eltctrfmuputie
W.~ _ BieIogy,Juoy-en-Josas, France,june
30-July 4, 1980.

Zaret, M.M. 198Ob. Cataracts and visual display
terminals. In Prwtttlin" of tbe CGfI/trtBa /III
Hellltb HIIZ4rr1s of JlDUs, pp. 49-60. Lough
borough, UK: Loughborough University of
Technology, December II, 1980.

Zaret, M.M. 1981. Testimony before the sub
committee on investigations and oversight of
the committee on science and technology of



."210

the U.S. House of Representatives. In Pett.
tiM Hulth I?Ificts of J"_ lMpI<Jy TtrJIfiIMIs
("ul IWJ;, Fnf'I'I'lJ H-.rs iN SuJm <May
12, 13, 1981, No. 13), pp. 98-103. WIIhiDg
con, DC: u.s. Govemmeat Prinaina' 08ic:e.

Zaret, MM. 1984. Cataraetl and Yisual display
units. In HWth~ of VDT", B.G.
Pearce, ed., pp. 47-59. New York: John
Wiley &: Sons.

Zaret, M.M. 1991. "Electronic smog" threatens
cops. Un» Enforcnnmt NnJls 17(331): 6, 8.

Zaret, MM. and M. Eisenbud. 1961. Prelimi
nary results of studies of the lenticular effects
of microwaves among eXpo&ed personnel. In
PrrJatJmgs of tbt Fowtb AmnurJ Tri-Servia
ConfmJICe on tbe BUJkJgiaIl FIf«t1 ofMia't1rHue

1lJIdiD-Fre,.enC] lind ELF EJutrD"'.petic Energies

~, vol. I, M.F. Peyton, ed., pp.
293-lO8. New Yodc Plenum Press.

Zaret, M.M., LT. KapIID, IDd A.M. Kay. 1969.
Clinical mic:rowlIft ClUaI:rlIdS. In .,.,.PI
/ft# _1WdI~ tfMimrJtltw JWj.
MiM, 5.F'. Cleary, cd.. pp. 82-84. WMbinB
lOn, DC: U.s. Government PriDtiIJg Oftioe.

Zaret, M.M. and W.z. SllJder. 1917. 0Iancts
and avionic radiations. Hr. ]. OpbtNlmo/. 61:
380-384.

Zydecla, S. 1974. Assessment of lens translu
cency in juveniles, microwave workers and
age-matched groups. In Bi%gie FIfias II7ul
Hultb H.urtlJ of MicnTallWr RMlNrtilm. pp.
306-308. Warsaw, Poland: Polish Medical
Publishers.

..
If"



Summary and Results of~the .
April 26-27, 1993
Radiofrequency Radiation
Conference
Volume 2: Papers

United States
Environmental Protection
Agency

Office of Air and Radiation & 402.R-95-011
Office of Research and March 1995
Development

"



""""""'-'''*',_,- ~""III
_

----------------------------". :".1
I "II!

402-R-95-Qtt
March 1995

'Summary and Results of the April 26·27~

1993 Radiofrequency Radiation
Conference

Volume 2: Papers

Prepared for

Office of Air and Radiation
and Office of Research and Development

U.S. Environmental Protection Agency
401 M Street, SW

Washington, DC 20460

Under Contract

Nos. 68-00-0102 and 68-02-0177



· ....,----"..- r 1 I""_---- .ii",.
ii SUMMARY AND RESULTS OF THE RADIOFREQUENCY RADIATION CONFERENCE: VOLUME 2

DISCLAIMER
Statements, recommendations, and conclusions expressed by participants of the

Radiofrequency Radiation Conference (Bethesda, Maryland, April 26 and 27, 1993) and summarized
in this document are their own and do not necessarily represent the views of the U.S. Environmental
Protection Agency (EPA). Furthermore, mention of trade names or commercial products does not
constitute endorsement or recommendation for use by EPA
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ABSTRACT

On April 26 and 27, 1993, the U.S. Environmental Protection Agency (EPA) Office of Air
and Radiation and Office of Research and Development held a conference to assess the current
knowledge of biological and human health effects of radiofrequency (RF) radiation and to address
the need for and potential impact of finalization of federal guidance on human exposures to RF
radiation. More than 200 people attended the conference. Attendees represented the federal
government. academia, the private sector. trade associations, the media. and the public. Plenary
papers presented at the meeting focused on current research findings on a variety of topics, including
exposure assessment. dosimetry. biological effects, epidemiology, the basis for exposure limits, and
emerging health issues. Panel discussions focused on identifying key scientific information needs for
and the policy implications of the development of further EPA guidance on human exposures to RF
radiation. This document. Volume 2. provides the plenary papers presented by speakers. Volume
1, under separate cover, provides a record of much of the information presented at the conference,
outlines key recommendations provided to EPA by conference participants, and presents the EPA
strategy for addressing RF radiation.

Two key recommendations for EPA emerged from the conference: (1) develop RF radiation
exposure guidance as soon as possible. and (2) conduct additional research in a number of areas,
particularly with respect to the potential for "nonthermal" effects. These recommendations were
considered by EPA in its decision to proceed with the development of guidelines on human exposure
to RF radiation and to develop a longer term strategy to address remaining issues. Part of this
strategy has involved creating an inter-agency work group and requesting the National Council on
Radiation Protection (NCRP) to assess several remaining issues. Information provided at the
conference also was used as a basis for EPA comments to the Federal Communications Commission
(FCC) 1993 proposal to adopt the RF radiation exposure guidelines developed in 1992 by the
American National Standards Institute (ANSI) and the Institute for Electrical and Electronics
Engineers (IEEE).
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RF SHOCKS AND BURNS: SOME KNOWNS AND UNKNOWNS*
Om P. Gandhi**

INTRODUCTION

Even though there is a great deal of data on currents induced in the human body for exposure to
radiofrequency (RF) electromagnetic fields both for plane wave, relatively uniform exposures [1-5] and
for nonuniform exposures in industrial settings [6-8] for free standing conditions as well as for conditions
of contact with energized objects. the data is much more limited on RF shocks and bums [9-11]. This
is' due to the severity of the phenomenon. From anecdotal stories it is obvious that this can be a serious
problem for people exposed to medium and high intensity electromagnetic (EM) fields. Following up on
the pioneering work of Dalziel and colleagues [9, 10, 12, 13], Guy and others [14-17] have studied the
threshold currents for perception and pain ("let-go") under conditions of continuous rather than intermittent
contact with RF energized electrodes. Because of the potential for harm, currents for RF shocks and bums
for conditions of intermittent contact were not a part of these studies and thus have not been examined.
A limited amount of data is available for transient discharge or conditions of intermittent contact with
energized conductors at 60 Hz [18.19J. From the limited data that we will present, it is likely that the
stored energy levels needed for RF shocks and bums for transient discharge may diminish with increasing
frequency up to 100kHz. to values that are relatively independent of frequency for frequencies in excess
of 100 kHz. Since the absence of data on startle reactions by transient discharges is one of the
acknowledged weaknesses of the present day ANSIIIEEE RF safety guidelines [20], it is clear that
additional experimental data is needed before this important facet of RF safety is resolved.

CONTACT HAZARDS IN THE VLF TO HF BAND (10 kHz to 100 MHz)

Ungrounded metallic objects in EM fields develop open-circuit voltages which may be written as:

(1)

where Voc is the open circuit voltage. Emc is the magnitude of the incident electric field, assumed to be
relatively uniform. and heff is the effective height of the object relative to the ground. Effective height
of the object is related to. but is not the same as, the physical height. Effective heights of some
commonly encountered objects such as a car, van, bus, fence, metallic roof, etc. have been determined and
are given in the literature [14. 17]. Effective height of a car, for example, is about 0.3 m. Effective
heights are even larger for bigger or higher objects such as a school bus, metallic roof, etc. For incident
electric fields of a few hundred volts per meter, open circuit voltages of tens to hundreds of volts may
therefore be created between the object and the ground. Upon touching such an object, a current would
flow through the human body whose magnitude will depend on the conditions of contact (contact area.
grounding of the body, etc.). Chatterjee. et al. [17] did a study in which the body impedance and
threshold currents needed to produce sensations of perception and pain were measured for 367 human
subjects (197 males and 170 females of various age groups; 18-35, 36-50 and 51-70 years) for the
frequency range 10kHz to 3 MHz. The study included various types of contact such as finger contact
(contact areas 25 and 1-+-+ mm2) and grasping a rod electrode (diameter = 1.5 em, length = 14 em) to
simulate the holding of the door handle of a vehicle. The experimental data were used to develop graphs
of average threshold incident electric fields that will cause the various sensations such as perception, let-go

* This paper was updated in October 1994.

** Department of Electrical Engineering. University of Utah. Salt Lake City. UT 84112.



_-------------------------------------.........'11,

48 SUMMARY AND RESULTS OF THE RADIOFREQUENCY RADIATION CONFERENCE: VOLUME 2

(pain), or even burns for adult males and females [17, 21, 22]. Predictions were also made, based.on
scaling, for the corresponding threshold values for ten-year old children, since the currents for perceptIon
and pain were found to be proportional to the (contact area)1/4. Taken from reference 17, a representative
graph of the threshold incident electric fields for let-go (pain) for grounded adult males and ten-year old
children for finger contact (contact area =25 mm2) for various vehicles is given in Figure 1. For most
of the cases the electric fields are lower than the maximum permissible exposure (MPE) limits given in
the ANSIIIEEE C95.1-1992 [20] both for controlled and uncontrolled environments. Given in Figure 2
are the estimated incident electric fields for a wider area grasping contact that will result in currents
needed for perception at various frequencies [17]. Average perception currents measured for 197 males
for grasping contact with a cylindrical metallic rod of diameter 1.5 cm and length 14 cm (to simulate
holding of a handle bar of an automobile) were used to estimate the incident electric fields that will result
.in such currents for grounded conditions of the subjects. Even though the RF source available at our
disposal did not permit us to measure the currents for let-go under grasping contact conditions. we
estimate these to be 25 to 30 percent larger than those needed for perception. This would imply that the
threshold electric fields needed for let-go for grasping contact conditions would be 25 to 30 percent larger
than the values given in Figure 2. From reference 17, perception is one of tingling/pricking sensation at
frequencies lower than 70-100 kHz and one of warmth at the higher frequencies. Perceptionllet-go
currents are relatively independent of frequency for frequencies higher than 100 kHz to 50-100 MHz [17.
23].

SHOCK, FIBRILLATION, AND BURNS

Shock and ventricular fibrillation have been discussed at length in the literature [10. 24-27] for
60 Hz currents. A review of the literature is given in [28]. The values for painful shock and ventricular
fibrillation are presented by Dalziel for frequencies up to 10 kHz [13, 26]. It is believed that at higher
frequencies. fairly large currents can pass through a human being without causing muscle or nerve
stimulation [29]. These currents would. however, produce heating effects in the skin as well as damage
to internal organs [25]. Becker et al. [30] and Dobbie [31] have reported values of RF currents which
produce burns. Becker et al. [30] claim that 200 rnA for 30 seconds produced reddening of the skin of
an arm or hand of each of four human subjects, 300 rnA for 20 seconds produced pain and blistering. and
400 rnA for 10 seconds produced unbearable pain. In each case, the electrode was a 3.8 cm2 disposable
silver ECG electrode. Also. 400 rnA through a 1 cm2 Ferris Red Dot disposable electrode for 20 seconds
produced a second-degree bum on the back of a subject's hand. This study was in reference to
electrosurgery and so the frequency, though not stated in [30], is assumed to be around 500 kHz. From
our results on perception and pain threshold currents beyond about 100kHz [17], it is expected that the
threshold currents for bums at other frequencies would not be any different. Dobbie [31], studying bums
during surgical diathermy, reports that 100 rnA through a needle electrode used in ECG monitoring over
the deltoid muscle causes a unpleasantly hot sensation in 10 seconds. Becker et aI. [30] report that 100
rnA per square cm of skin for 10 seconds using ECG electrodes produced a burn.

Our measurements of threshold pain current on 197 male subjects indicated that an average current
density of approximately 192 rnA/cm:; for contact with the front of the index finger for frequencies greater
than or equal to 100 kHz. caused discomfort for a contact area of 25 mm::. We believe that this current
density would definitely ha\e caused a burn had the subject been told to keep touching the copper plate.

It has previously been mentioned that the threshold current for perception varies with the fourth
root of the contact area [17J. It is expected that the threshold current for burns will also follow the same
relationship with respect to the contact area, i.e., the current density will vary as (area)-3/4. For the
previously studied contact areas of 144 and 25 mm2, the burn thresholds can therefore be obtained by
scaling 100 rnA/cm:: needed to cause RF burns [30], accordin¥ to the relation, bum threshold current
density == (arear3/

4
. This gives a current densitv of 76 rnA/em for a contact area of 144 mm2 and 283

? ? - •
mA/cm- for 25 mm-.
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RF SHOCKS AND BURNS (GANDHfj 51

The calculated results for threshold E-fields to cause RF bums are plotted in Figures 3 and 4 for
male adults and ten-year old children for contact areas of 25 mm2 and 144 mm2, respectively. Since the
data are not available for children. the threshold fields for children are obtained by scaling the impedance
of male adults by the ratio of the height of a standard 50th percentile ten-year old child (1.38m) to the
height of a standard 50th percentile male adult (1.75m) and by scaling the bum threshold current for male
adults by the square of the ratio of the height of a ten-year old child to the height of a male adult.

TRANSIENT DISCHARGES

A deficiency acknowledged in the ANSIlIEEE C95 .1-1992 safety guidelines [20] is that the current
limits prescribed for induced and contact currents [Tables 1 and 2, parts B of ref. 20] "may not adequately
protect against startle reactions caused by transient discharges when contacting an energized object". In
many situations. the hazard of transient discharge may well be the most important issue for safety.
Involuntary muscular reactions to transient spark discfiarges can cause many safety hazards. In our
evaluation of construction worker safety at a U.S. Coast Guard Omega Transmining Station (10.2-13.6
kHz). in collaboration with Raben Curtis (OSHA) and Gene Moss (NIOSH), we found that thresholds of
perception. annoyance. and even spark discharges were easily exceeded for intermittent contacts with
ungrounded objects (such as cables. metallic tubes, etc.) exposed to RF fields. These, of course, were a
result of the energy storage (Cy2rms) in these objects that could be discharged upon touching or at times
even approaching these objects. Another interesting observation was that the perception threshold for
finger contact for the Omega site (10.2-13.6 kHz) occurred for stored energy levels on the order of 15-20
,.d which is considerably lower than 100-150 JJ1 (depending on capacitance C of the objects) which is
estimated at 60 Hz by experimentation with two subjects [18]. This leads us to believe that the stored
energy for perception, annoyance. and spark discharges may be frequency dependent with values being
considerably lower at higher frequencies than at 60 Hz where most of the data are presently available.
This point of view is also shared by Dr. A. W. Guy [personal communication] who has some unpublished
data at 23 kHz and feels that the perception threshold for stored energy may be even lower than 15-20
III that we estimate for 10.2-13.6 kHz. In another paper by Delaplace and Reilly [321. data are presented
to show that threshold of spark discharge is related to energy (Cy 2rms) for capacitance less than 575 pF
and charge (Cy2rms) for C > 575 pF. From these limited data, most of which are at 60 Hz. it is obvious
that much more data need to be obtained on the stored energy levels for transient spark discharge at
various frequencies.

CONCLUDING REMARKS

Possibility of RF shocks and bums is a serious problem for personnel working close to high power
transmitting antennas in the low. medium. and high frequency bands. Even though a great deal of data
is available for threshold perception and let-go currents, the stored energy levels that will result in startle
reactions or bums for transient discharges for intermittent contacts are not known. Some limited data
points to the possibility that stored capacitive energies needed for transient discharge are likely to decrease
with increasing frequencies. Since startle reactions caused by transient discharges may result in accidents,
this data and instrumentation to assess which of the objects may pose such a hazard are urgently needed.


